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EKTARDED GROWTH, LIFE SPAN, ULTIMATE BODY 
SIZE AND AGE C’HANGBS IN THE ALBINO RAT 
AFTER FEEDING DIETS RESTRICTED 
IN CALORIES 1 

(!. M. ModAY, L. A. MAYNARB, G. SPERLING AND LeROY L. BARNES 
Anmal NulrilUm Lahorafory, Cornell University, Ithaea, New Tori' 

FOUR FIGURES 

(Rocoived for publication March 7, 1039) 


Tlio literature eoncerliiug retarded growtli and length of 
life has been reviewed recently (McCay, ’39). The present 
experiments represent an attempt to verify our earlier find- 
ings (hleC’ay, Crowell and Maynard, ’35) concerning the 
interrelationsliips between length of life, the retardation of 
growth and the effect of long retardation upon the ability to 
resume growth and attain a normal body size. 

Diels used in these studies were made very high in per- 
centage of such constituents as protein, minerals and vitamins 
in oi'der to insui-e an adequate ingestion of these essentials. 
Th(‘ rc'tardation is effected by the deficiency in the daily 
allowance of energy in tlie diet. In tlie present study every 
animal was given the same daily allowance of the basal diet. 
Animals permitted to grow noi-mally were given additional 
calories. 

In none of our studios have we any evidence that the normal 
animals have their life spans shortened due to the richness 
of the diet because our values for these fall within the ranges 
found by Sherman and (Campbell (’37), Slonaker (’35) and 
Drummond et al. (’38). 

^ These studios were started with support from the Snyder Grants made by 
Mrs. Hurry Ruyder and were continued under the Rockefeller Grant for Research 
in Longevity. 
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The amount of this diet fed to individuals daily was dolor- 
mined by the amount needed to maintain tho rotardi'd ani- 
mals at a stationary body weif^ht. Tho results of snob a re- 
gime insure the ingestion of approximately o<iuai amounts 
of such essentials as pi’otein and minerals, ljut do not. impose* 
any additional burden upon such organs as tho kidneys in tb(i 
case of animals allowed to grow normally. In this case all 
animals ingested enough protein, vitamins and minerals for 
growth, but the retarded animals could not grow diu; to a 
deficiency of calories. 

The composition of the basal diet was the following: cooked 
starch, 22; cellulose, 2; lard, 10; sucrose, 10; salt mixture 
(0. and M.), 6; cottonseed oil, 5; yeast, 5; casein, 40. 

For vitamin supplements in the present case tin* control 
rats that were destined to grow normally were divided into 
two equal groups. Each member of the first control grou]) 
was fed a 1% solution of carotene in cottonseed oil in an 
amount to allow 15 ‘A’ units (A.D.M.A.) per rat per day. 
In addition, an allowance of ^ gm. of irradiated yc'ast was 
given each individual three times weekly. This same allow- 
ance of supplements was given each retarded rat. The second 
control group was fed 3 drops of cod liver oil daily with i gm. 
of dried yeast (not irradiated) fed three times w'oekly. 

The animals allowed to mature at any time w'ere fed addi- 
tional calories in the form of a mixture of sucrose, eook(ul 
stai’ch and lard in the following proportions : 38 : 57 : 5. 

The plan of the experiment consisted in dividing 10(5 rats 
at the time of weaning into two groups, one containing Ihirty- 
three members, to serve as a normal conti'ol group, and on(! 
of seventy-three to be retarded for varying periods. The 
normal group was then subdivided into two, containing seven- 
teen and sixteen members. The purpose of this subdivision 
was to have one fed cod liver oil throughout normal life, and 
the other fed iri’adiated yeast and carotene for fat-soluble 
vitamin supplements. 

The retarded animals were not subdivided furthei- until 
the first period of 300 days had passed. At the end of 300 
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days there were only thirty-eight of the original seventy-three 
retarded rata alive as well as all of the original thirty-three 
controls that had been allowed to gTOw normally. 

Those losses in the retarded group were due to two failures 
in the heating system. Under such conditions the normal 
animals that were well fed could withstand the drastic drop 
in temperature of the room while the retarded ones that were 
being kept at maintenance level had little reserve and part 
of them perished. 



Fig. 1 J^rojocted growth curves showing the plan for the experiment and 
rej)resentjitives of the retarded groups at the age of 1000 days. 


At the end of 300 days the retarded animals were divided 
into four groups as nearly equal as possible. One was fed 
additional calories to permit growth. The other groups were 
thus assigned at this date to the several periods for resuming 
growth. These were at the end of 500, 700 and 1000 days. 
The design of the experiment is shown in figure 1. These 
curves were drawn in advance and used as a backgrodnd to 
photograph typical representatives of each group. ■•In the 
copy shown in figure 1, the experiment had been in progress 
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for 1000 days, and all members of the normal group had died 
while representatives of each of the others were still alive. 

The general plan for feeding the retarded animals was to 
allow them to increase in body weight to the extent of 10 gm. 
at intervals of about 100 days. The period of maintenance 
at a fixed body weight is given in table 1. The increase in 
weight w’^as allowed to take place during a period of a week 
or 10 days. Fresh liver was fed during this period to allow 
calories for this growth. Equal amounts of liver were given 
the controls. 


TABLE 1 

JPeriod of life of retarded rats during which they were maintained at given 
levels of body weight 


ItODY weight level 
gm. 

40 

60 

70 

80 

90 

]00 

110 

120 

130 

140 

150 

160 


AGE OF MAINTENANCE 

dayx 

25- 44 
54- 117 
130- 228 
235- 329 
339- 443 
450- 548 
555- 688 
696- 716 
731- 822 
836- 892 
904- 955 
963-1004 


Tn assembling data upon such values as ultimate body size 
for these groups certain individuals had to be excluded, such 
as members of the group retarded for 1000 days that died 
hefoi'e attaining this age. These individuals can be included, 
however, in considering such factors as disease that caused 
death or the degree of calcification of the arteries and organs. 

The data concerning body weight are in table 2. In general ■ 
retarded animals were never able to attain the body weights 
of those that grew noi'mally. This indicates that even in 
retardation for a period of 300 days there is a permanent 
stunting effect upon the rat body. In general, the females 
tend to be lighter in weight than the males even after Ihey 
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liave been keyit ai the same level during long periods of 
j'etardation. 

The koigth of life for each indivhlual is given in table 3. 
In th(^ groups tliat grew to matuiity normally the death rate 
of the males is about that anticipated from such a limited 
number. The females in these groups died prematurely, how- 
ever. From earlier experience about 20% of them should have 
exceeded 1000 days, but all of them were dead before this time. 


TABLE 2 

Maxinnnth weiffhin in grams by groups and subgroups 




Noniia.1 growth 
F(m 1 carotoiu* 

Normal growth 
Fod rod liver oil 
All retarded 

Hetarded .‘100 days 

Retarded .lOO davs j 

I 

Retarded 700 days 
R<‘tarde<I 1000 4layH 

Formula us<*d: FF,„ 


4HX 

MKAN BODY 
WKRSHT AT 
TIMK OF 
RKAlilMINA- 
TION 

MKAN 

MAXIMUM 

WBIOHT 

ATTAINED 

MEAN 

1 AUB OF 

1 ATTAIN- 
ING 

MAXIMUM 

WEIGHT 

MAXIMUM 
WEIGHT 
ATTAINED 
BY ANY 
INDI- 
VIDUAL 

NUMBER 
OP ANI- 
MALS CON- 
SIDERED 

d’ . 


4.‘)0±15 

days 

.■)86±24 

5.55 

9 

5 


321 ±16 

44G±32 

416 

8 

c? 


' 44;)±17 

.)43±47 1 

567 

8 

$ ; 


, 372 ±24 

572 ±4.5 ; 

536 

8 

c? i 


' 327±18 

832 ±25 ! 

485 

15 

5 ■ 


260 ±10 : 

846±42 ; 

.365 

16 

c? 

79 

41.5±1.5 

709±38 ; 

443 

4 

2 

79 

244 ±11 

1 603±70 ' 

300 

5 

c? 

10.') 

371 ±36 

801 ±,32 

485 

4 

? 

104 

298±16 

849±20 

350 

5 

<? 

148 

287±27 

844 ±36 ! 

.390 

4 

5 

188 

217±30 

98r)±64 

365 

4 

c? 

179 

209±22 

1023±20 

270 

3 

? 

i 188 

232 ±21 

16-1 ±37 

26.3 

*> 




The mortality curve for those fed cod liver oil is more nearly 
normal than foi' those fed carotene and irradiated yeast as 
sources of vitamins A and D. None of these data indicate 
any unfavorable effect of cod liver oil when fed during the 
entire life span. 

The retai-ded gi-oups all had members alive when the last 
of the normal controls had iierished. These retarded groups 
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also contained membei's that far exceeded the normal life 
expectancy. 

The period of adult life tends to he much sliorter after long 
retardation. A brief table (4) will show this. The period 
of life remaining after maturing becomes progressively less 
as the length of the retarded period increases. 


TABLE 3 

Life span of individuals in days (those living over 300 days). The figures helow 
the line represent those rats still alive when the last control died 


NORMAL 

NORMAL 

RETARDED 

RETARDED 

RETARDED 

RETARDED 

FED CAROTENE 

FED G L.O. 

300 DAYS 

500 DAYS 

700 DAYS 

1000 DAYS 

cf 

:$ 

d 

$ 

cf 

$ 

d 

$ 

d 

$ 

d 

? 

377 

475 

308 

404 

805 

555 

366 

793 

772 

406 

3.^6 

815 

643 

527 

439 

624 

815 

598 

721 

1008 

782 

697 

859 

846 

673 

536 

506 

636 

822 

711 

856 

1028 

915 

867 

1004 

1152 

703 

555 

627 

646 

1018 

1007 

986 

1043 

1025 

1045 

1086 

1320 

713 

570 

668 

722 


3183 

1103 

1078 


1134 

1127 


720 

635 

809 

808 






1320 



767 

650 

869 

844 









784 

082 

1 886 

965 









896 


i 











TABLE 4 

Length of life after attaining niahiriiy 


RETARDED 

MEAN AGE ATTAINED BY 

TIME LIVED AFTER 

IN DAYS 

THOSE ALIVE AT 300 DAYS 

CO M J>r iKT 1 N< { ( J R< ) WT 1 1 

(Uya 

300 

835 

535 

500 

00 

457 

700 

896 

253 

1000 

949 

138 


As a whole the effect of retardation of growth is similar to 
that obtained previously. A much higher per cent of the rats 
can attain ages that exceed 1000 days if they have been sub- 
jected to retardation. Thus from the retarded groups six 
males exceeded an age of 1000 days. These came from an 
original group of only thirty-eight males. No data are avail- 
able to permit an estimate of the number of males needed in 
a normal population to secure this number at this ago. 
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The line was drawn in table 3 to indicate the number alive 
in the retarded groups at the time of death of the last of the 
normal-growth animals. Retardation permits a higher per 
cent of animals to attain old age if the diet is qualitatively 
complete in other respects. This does not conflict with the 
data of Sherman and Campbell (’37). 

These results in combination with those of the earlier re- 
port (McCay, Crowell and Maynard, ’35) indicate that the 
method of retardation affords a useful technic for studying 
aging. Animals that are relatively very old become available 
for study. Furthermore, the parts of the body that age in a 



Fig. 2 Age 964 da.vs. This photograph was taken the last day of life for 
tlio last of the controls on the left and 36 days before the retarded rat on the 
right was allowed to inatiirc. Note the contrast in degree of senescence. 


normal animal can be compared with those of retarded ani- 
mals that are destined for a much longer span. This affords 
a tool for investigating the systems that break down in the 
normal jirocess of aging. 

Tlie condition of the hair of the retarded animals tended 
to remain fine in contrast to the coarseness in the case of 
■ those that grew normally. This is evident in the photograph 
in figure 2. The retarded animal on the right in the picture 
was allowed to mature at 1000 days of age and lived nearly 
a year after this photograph was made. 

The weights of the organs in table 5 indicate that the ulti- 
mate body size attainable decreases in proportion to the 
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Xumber of animals 
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period of retardation. There is probably no significant dif- 
ference between the two normal groups. In general our find- 
ings accord with those of Jackson (’87) and co-workers in 
showing that I'etardation leads to a permanent decrease in 
the size of the body and its parts. 

Bone growth 

After careful dissection bones were allowed to air dry and 
used for determining the size and density. In the normal 
gioups the I'anges in density were the following: male 
humerus, 1.108 to 1.362 ; femur, 0.937 to 1.286 ; female humerus, 
1.200 to 1.407 ; femur, 1.062 to 1.275. The bones of the males 
tended to become loss dense with age while there was no 
change in those of the females up to 965 days. 

A condensed summary of bone data for all groups is pre- 
sented in table 6. As far as bones can serve as criteria these 
data indicate that the loss of the ability to attain a maximum 
body size is progressive with the period of retardation. 

The permanent decrease in the body size after such a long 
period of retai'dation as 1000 days, even among the animals 
that could resume growth, was between 10 and 20% below the 
normal as far as the bone data indicate. This is illustrated 
in figure 3. Body length data also indicate that the better of 
the group retarded for this long period attained a length of 
about 85%. From the organ data, such as the weight of the 
organs or of the 'empty’ body, the better animals seem to 
have attained a size of about two-thirds the normal. Such 
data are subject to considerable variation, however, because 
the animals wore both old and diseased at the time of death. 

The density of tlie bones from retarded animals is low. 
This is partly due to the great age at which these animals 
die. The mean density for both sexes of the retarded animals 
was 1.21 for the humeri. In the ease of retarded animals 
there is considerable variability and in animals over 1000 
days of age the density of the humerus varied from less than 
1 to more than 1.3. No explanation can be offered for the 
absence of sex differences in the retarded groups except that 
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TABLE 6 

Changes in ilic sise and weight of hone^s after retardation followed by growth 


DIBT 

SEX 

BONES 

LENGTH 

WEIGHT 
(AIR dry) 

WEIGHT 
(OVEN dry) 

DENSITY 

(air dried) 

Normal 

c? 

Humerus 

nn. 

3.0 

mg 

341 

mg. 

321 

1.26 

growth 

$ 

Humerus 

2.7 

235 

268 

1.35 

* carotene ’ 

<s 

Femur 

3.9 

702 

666 

1.10 


9 

Femur 

3.5 

586 

552 

1.22 

Normal 

<? 

Humerus 

2.9 

335 

316 

1.26 

growth 

$ 

Humerus 

2.7 

263 

250 

1.33 

^ cod liver oil ^ 

c? 

Femur 

3.8 

691 

644 

1.10 


2 

Femur 

3.5 

540 

509 

1.20 

Betarded 


Humerus 

2.8 

309 

289 

1.26 

300 days 

2 

Humerus 

2.5 

238 

222 

1.21 

c? 

Femur 

3.7 

633 

597 

I.IS 


2 

Femur 

3.3 

453 

428 

1.13 

Retarded 

c? 

Humerus 

2.6 

264 

248 

1.26 

500 days 

2 

Humerus 

2.6 

237 

222 

1.20 


c? 

Femur 

3.5 

535 

502 

1.18 


2 

Femur 

3.4 

471 

442 

1.13 

Retarded 


Humerus 

2.6 

257 

23S 

1.18 

700 days 

2 

Humerus 

2.5 

202 

189 

1.24 



Femur 

3.6 

553 

r^oo 

1.15 


2 

Femur 

3.1 

391 

368 

1.11 

Retarded 

c? 

Humerus 

2.5 

219 

212 

1.15 

1000 days 

2 

Humerus 

2.4 

201 

188 

1.18 


c7 

Femur 

3.2 

384 

406 

1.06 


2 

Femur 

3.1 

373 

348 

1.03 



Eig. 3 The effect of retardation and rciilimentation upon the ultimate size of 
bones in rats of opposite sex. 
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they were kept at the same body weights. In both the pre- 
vious report and this one the life span of the opposite sexes 
seemed to be tlie same in the ease of retarded animals. 

Bone growth after long retardation 
The growth of the bones in rats that had been retarded 
for 700 days and more was followed by making x-ray photo- 
graphs at fi-equent intervals. From these the length of the 



AGE (DAYS) 


Pifv. 4 Growth of the tibia in rats retarded for 700 and 1000 days from 
measurements of x-ray photographs. Curves Ille are for animals retarded 700 
days. Those marked III d were allowed to resume growth after 1000 days. 


bones such as the tibia could be measured. Typical data from 
these measurements are plotted in figure 4. The upper curves 
for each sex show the rates at which the bones responded 
when the rats were allowed to grow after 700 days of age. 
After 700 days all retarded animals responded promptly when 
allowed enough calories for growth. Although the opposite 
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sexes wei’e approximately the same in body weight at tlie he- 
gimihig of this period the bones of the females wore smaller. 
The bones of the males respond to the realimentation more 
promptly than those of the female. The bones of the mah* 
retain the power to grow larger than those of the female. 

Of the rats retarded for 1000 days only three males and 
two females were ali%^e at the date set for realimentation. 
Curves for four of these animals are marked Ill-d in figui'e -t. 
The first characteristic of these is the slow, regular increase 
in the length of the bones that was taking place even when 
the individual was held at a constant body weight. Even at 
these extreme ages the bone retains its power to forge ahead 
in growth while the other parts of the body i-emain stationary 
or shrink. 

x\fter these rats were fed adequately, pai-t seemed able to 
accelerate the growth of the bone while others seemed to have 
lost this power. This is the first evidence that there is a 
time limit for retardation beyond which the body can no longei' 
resume growth. At 1000 days some animals seem to retain 
this power of growth and others seem to have lost it. This 
is not the ease in the earlier study when retardation exceeded 
a period of 900 days. Even after this extreme retardation of 
1000 days in the present case the male is still able to grow 
to a larger body sIko than the female, as far as the skeh'lon 
indicates. 

MAINTENANCE REQUIUEMENTS FOR RETARDED (iUOWTIl RATS 

Jackson (’37 a) has discussed the requirements for main- 
tenance of rats held at a constant body weight, recently. Tin* 
results of the present study confirmed those of the earlier one 
inasmuch as the female at most levels needed more caloides 
for maintenance than the male. 

SUMMARY 

Rats were retarded in growth for periods of 300, 500, 700 
and 1000 days before being allowed to grow to maturity. 
Members of each of these groups were alive when the last of 
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I he (‘oiiirol .j'-roiips luul died at an aj^e of Dfi") days. Eetarda- 
tioii of g'l'owtl) by diets, complete except for calories, affords 
a means of producin,!;' very old animals for studying’ aging. 
Animals that ai’e retarded for ev’en 300 days can never be- 
come as lai'ge as those that mature normally. After 1000 
days of retardation only part of the rats were able to resume 
growth when ade([uate energy was allowed in the diet. Even 
at this extreme ])eriod the male tended to grow to a larger 
size than the female. The growth of the bones in rats re- 
tarded for 700 and 1000 days was followed by means of x-ray 
])hotograijhs. The maintenance of a constant body weight in 
this period of old age does not check the growth of the bones. 
These increase slowly and respond to realimentation in all 
cases aftm- 700 days of retardation but in only part of the 
cases aft('r 1000 days. 


lilTKUATCTRR CITKI) 

Dimiai MONi), .1. G., A. Z. liAKEK, A!. D. WR.I011T, P. M. Marriam and E. M. Singer 
Tlio cnVcls of life long siibsisteneo on diets providing sub- 
optimal amounts of tlie vitamin B eomplex. J. Flygiene, vol. 3S, 

p. 

Jackson, (\ M. DK17 Recovery of rats upon refeeding after prolonged sup- 
])ressiou of growth liy underfeeding, Anat. Rec,, vol, <i8, p. 871. 

11)87 a Tli(‘ food intake of young rats held at nearly constant body 

weight by n*striction of the dietary x>rotoin. J, Nutrition, vol. 13, 

p. ()()!). 

]\lc<\\Y, (1. M., M. K. Grow K iiii AND Ij. A. Maynard D)3r> The efft‘ct of retarded 
growth u])oii the lengtii of the life s])an and iijiou the ultimate body 
si/d*. rl. Nutrition, vol. 10, p. 08. 

iMc<\\Y, ('. M. 1080 Prohhmis of ag(‘iiig (edited by E. V. CViAcdry). Williams 
and Wilkins (h)., Baltimore. (Jia]). t21. 

Sherman, II. (\, and II. Ij. (\AMPnEidi 1087 Nutritional wiJI-heiiig and leugtli 
of life as iullnene(‘d by different enrichments of an already adequate 
dii‘t. J. Nutrition, vol. 14, p. 009. 

Seonakek, J. R. 1085 The effect of different percentages of ])rotein in the diet 
on bachelor an<l virgin rats. Am. J. Physiol., vol. 118, p. 150. 




(JHEMIOAL AND PATHOLOGICAL CHANGES IN 
AGING AND AFTER RETARDED GROWTH ^ 

0. Al. McCAY, G. H. ELLIS, LeBOY L. BARNES, C. A. H. SMITH 
AND GLADYS SPERLING 

Animal Nutrition Laboratory, Cornell University, Ithaca, New YorTc 


POUR FIGURES 


(Received for publication March 7, 1939) 


In the preceding paper (McCay, Maynard et al., ’39) a 
summary was given of the results of retarding rats for 
periods varying from 300 to 1000 days before peimitting them 
to grow to maturity. In this report are incorporated the data 
concerning the changes in the chemical composition of some 
of the organs and a brief consideration of some of the 
]jathology involved in these same animals. 

(IHANOiia IN THE CALCIUM CONTENT OF THE EYES 

The method used for calcium was that described by Ellis 
(’39). The tissues to be analyzed, chiefly eyes, were first 
dried to a constant weight at 105°C. All values were ex- 
pressed in terms of per cent of the dried weight. Up to about 
an ago of 1000 days the calcium of the eye varies between 
0.019 and 0.092%. After 1000 days of age these values range 
between 0.079 and 1.67%. 

In table 1 these data are assembled according to the age 
of the rat at death without regard to its previous treatment. 
The great inci’ease in the calcium of the eyes in old age is 
more marked than that found in any other species. This 
literature has been summarized previously (McCay, ’39). 

^ These studies were started with support from the Snyder Grants made by 
Airs. Harry Snyder and were continued under the Rockefeller Grant for Research 
in Longevity, 
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The data for the calcium of the eye were Kstudied from many 
angles. Retarded rats tended to live longer and tlie level 
of calcium was higher at the time of death. The eye calcium 
seems to increase in proportion to the time a rat has livcal 
without regard to the retardation of growth. No (correlation 
could be found between the level of calcium in the eye and 
the degree of calcification of such organs as the kidneys. 
There was no relation to the density of the bones. 

In two eases where it was possible to dissect the lens, the 
calcium was lower than in the rest of the eye. Calcium was 
determined in the aortas from a few very old animals. On 


TABLE 1 


Age and calcium content of the entire eye 


AGE GROUP 


NUMBER OF RATiS .MEAN PER CENT Ou 


dann 

506- o55 
627- 697 
703- 720 
805- 886 
965-1078 
1103-1183 
1820 


5 

8 

3 

9 

10 

5 


0.034 

0.034 

0.058 

0.043 

0.238 

0.499 

1.078 


a dry basis these varied from 0.27 to 6.0%. No relation was 
found to the eye calcium. 

THE TEETH OF RATS IN THE COURSE OF A(iIN(i AND 
AFTER RETARDATION 

The condition of the teeth in rats is important in life spun 
studies because they may serve as foci of infection or thccy 
may modify the consumption of food due to pain. 

The jaws and teeth were examined under low magnification 
by a practising dentist. X-ray photographs of the jaws and 
teeth were also made. 

The females seemed to suffer more consistently from the 
breakdown of teeth than the males. This was especially true 
in the normal animals. In both of these groups the mean age 
of the males exceeded that of the females. As a whole the 
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retarded rats showed increased destruction of teeth, but con- 
sidering their advanced age they were remarkably free. 

In the first control group fed carotene and irradiated yeast 
as sources of fat soluble vitamins, one male animal at the age 
of 896 days had lost two lower molars. Another female had 
a left molar that was carious to the gum line with the roots 
retained. In anotlier female, dead at an age of 527 days, the 
the upper molars were normal while all but one of the lower 
molars had been completely destroyed. Similar conditions 
were noted in the second control group. One of the males in 


TABLE 2 

Th& effect of aping and retardation upon the condition of the teeth at death 


GROUP 

J7UACBER 

AND 

SEX 

MEAN 

AGE 

NUMBER 

OF RATS 
WITH INTACT 
TEETH 

I»ER CENT 

OF TEETH 
MISSING OR 
CARIOUS IN 
THE GROXrP 

Control 

6 females 

597 

2 

26 

^ carotene ’ 

8 males 

679 

2 

13 

Control 

8 females 

600 

0 

33 

^C, L. 0.’ 

8 males 

639 

2 

25 

Retarded 

4 females 

717 

1 

23 

300 days 

4 males 

865 

1 

23 

Retarded 

4 females 

985 

0 

35 

f)00 days 

4 males 

915 

0 

17 

Retarded 

4 females 

935 

1 

23 

700 days 

4 males 

873 

0 

25 

Retarded 1000 days 

3 females 

937 

0 

36 

or less 

4 males 

1019 

1 (almost) 

29 


this group which had died at an age of 886 days had all teeth 
badly abraded. In one member of the group retarded for 
300 days and dead at an age of 1007 days, all of the lower 
molars were gone, while the upper molars were normal except 
for loss of the alveolar process. However, in one case of those 
retarded for 1000 days, a male had nearly an intact set of 
teeth. 

These data are summarized in table 2. 

The variability among rats seems fully as great as that 
found in human beings. 
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TUB CALCIFICATION OF COSTA I. (’ARTILAOES 

X-ray pictures were used to determine the d(>gree of ealcl- 
fieation of the costal cartilages. Iii animals dying at similar 
ages, calcification was much more mai'kod in the control than 
in the retarded animals. Retardation of gTowth ck'lays this 
calcification. 

In figure 1 a is shown the oldest control, age 965 days, in 
figure lea rat retarded for 1000 days, age 1086 days, and 
in figure 1 b another that was retarded for 1000 days hut 
lived to an age of 1320 days. The greatest difference here is 



a b (* 

Control, Retarded 1000 days Retarded 1000 days 

Age 965 days Age 1320 days Age 1086 days 

Fig. ] Heavily ealeified costal cartilages of ‘normal growth^ rat on the l(‘ft (a) 
contrasted with ‘retarded' ones on the right (b and c). 

seen between the control and the 1086-day-old rat. The 1320- 
day-old rat shows more calcification of the costal cartilages 
than the 1086-day-old rat, but not as much as the control. 

If calcification is an index of physiological aging of carti- 
lage, it then appears that the retardation affects this ]n-ocess. 

THE DEGREE OP CALCIFICATION OP THE HEART, AORTA AND 
KIDNEYS OP NORMAL AND RETARDED RATS 

Observations were only made on those i-ats that lived more 
than 700 days. X-ray pictures were made, at the time of 
autopsy, of ten control and thirty-two retarded rats. The 
pictures were made with a tungsten target tube at a ])eak 
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voltage of 35 to 40 K.V. No filter other than the glass wall of 
the tube was used. The film was covered with two thick- 
nesses of black paper. The calcification of the tissue of the 
kidneys, hearts and aortas will be discussed. 

Kidneys 

The x-ray stereograms of the kidneys make possible an 
estimation of the relative extents of calcification in the differ- 
ent parts of the kidney. The calcification, as illustrated in 
figures 2 a and 2 b, frequently extends through the pelvis, 
pyramid and medulla, but its appearance in the cortex is in- 
frequent and never extensive. 




a 

Retarded 500 days 

Age 1008 days 


b 

Retarded 700 days 

Age 1025 days 


Fig 2 Extensive calcification in the kidneys of two retarded rats. 


Table 3 was prepared from a study of the stereograms of 
the kidneys. It is not possible in most cases to distinguish 
calcium deposits in the pyramid from those in the pelvis so 
these regions of the kidney are considered as one. The ex- 
tent of the calcification in each of the three regions was esti- 
mated on a basis of 0 to 3, 0 indicating no calcification and 3 
indicating the most extensive case. 

All of the control rats on which these observations were 
made died in the age range from 713 to 965 days. Twelve of 
the retarded rats died in the age range, 711 to 915 days. An 
examination of table 3 will show that both the incidence and 
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extent of calcification of the kidneys of the retarclocl rats are 
much higher than that of the controls of approximately the 
same age. 

Eighteen of the retardeds died in the age ranges of })8(5 to 
1320 days. Their kidneys were also extensively calcified hut 
no more extensively than those of the younger group of 
retardeds. 


TABliE 3 

Jnnde7ice mid extent of calcification in kul’nri/,s 


NUMBER 

OF RATS 




OAU'IKICATION 

AGE AT j 

DEATH 

1 Pelvis and pyramid I 

Medulla | 

IN GROUP 

_ V 






Incidence 

Mxtent 

Incidence 

Kxtent i 


dai/s 

% 


% 


8 control 

713 to 965 

0 

0 

31 1 

0.3 

12 retarded 

711 to 915 

96 

1.6 

87 

1.6 

18 retarded 

986 to 1320 

95 

i 1-7 

86 

1.7 


(’ortex 

IiK'idoiK'p Kxtont 
% 

0 0 

21 0.2 

17 0.2 


Aortas 

For making the x-ray pictures of the aortas, they were split 
longitudinally and laid flat on a piece of paper’. Many of the 
aortas of the retarded rats showed extensive calcification. 
Examples of some of the more extensively calcified aoidas are 
shown in figure 3. 

Table 4 shows the incidence and extent of the calcification 
of the aortas of thirty-two retarded I'ats and tmi conti’ols. 
The incidence and averge extent of calcification arci both 
markedly higher in the case of the retardeds, and as in the 
case of the kidneys the last eighteen retardeds that died ai’o 
not appreciably different than the fourteen retardeds pre- 
ceeding them. However, it should not be concluded from this 
that the calcification of the aortas parallels the calcification 
of the kidneys. Table 5 shows the incidence and extent of 
calcification of the aortas in relation to the time of retarda- 
tion. The lowest incidence and the least extensive calcifica- 
tion of aortas is in the case of the controls, which were not 
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retarded at all. The highest incidence and the most extensive 
calcification is in the case of those rats retarded 1000 days. 
It should also he noted that there is a progressive increase 
in the incidence and extent of the calcification with increasing 
retardation. A similar comparison of calcificaton of kidneys 



Fig. 3 Aortas of retarded rats showing ealeihcation iii' th'e region of the arch. 
The lower pictures show calcification over the entire i lerfglh. 

■f 

shows no such effect Vithin the retarded groups. The kidneys 
of the rats retarded for 300 days shows just as extensive calci- 
fication as those retarded for 1000 days. A preliminary re- 
port of the calcification of the aortas of rats was made by 
Hummel and Barnes (’38). 
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Hearts 

X-rayed stereograms of the liearts of all of those' rats 
were also made. Unfortutiatoly, the aurieilos wore' I'l'movod 
from some of the hearts before the stereograms wt're made. 
Since some calcification seems to occur near the base of the 
heart, we cannot make as reliable comparisons as were made 
for kidneys and aortas. It may be said however, that the 


TABLE 4 

Caloificaiio'ti in aorim 


NUMBISR 

INCIDKNCK OF 

AVKttAGK KXTKNT 

RAN(JK OF 

OF RATS 

CAIjCtFICATION OF 

OF OAUIIFK’ATIOK 

AOKH AT 

IN GROUP 

AORTA 

OF AOKTAH 

DHATH 


1 

% 



10 controls 

20 

: 0.2 

713 to 005 

14 retardeds 

1 

; 1.3 

711 to 015 

18 retardeds 

! 61 

' 3.2 

<)H0 to 1320 


TABLE 5 

Length of retardation period and calHfioation of the aorta 


NUMBER 

1 LENGTH OF 

INCIDENCE OF 

AVERAGE EXTENT 

'RANGE OF AGES 

1 AT DEATH 

OF RATS 

: retardation 

CALCIFICATION 

OF calcification 

IN GROUP 

j PERIOD 

1 

OF AORTA 

OF AORTA 


1 

I (iajfn 

' 

9 ?- 

da]M 

10 controls 

\ 0 

20 

0.2 

713 to 965 

7 retardeds 

; 300 

29 

0.4 

711 to 3183 

9 retardeds 

500 

44 

1.0 

' 721 to 1103 

8 retardeds 

1 700 

62 

1 1.4 

, 772 to 1320 

8 retardeds 

! 1000 
(or less) 

300 

1 

' 3.9 

1 

, 815 to 1,320 


extent of the calcification in the hearts of the rats examiiUHl 
is much less, on the average, than that shown in the kidneys 
and aortas. A small calcification in the form of a ring near 
the base of the heart is frequently seen in both controls and 
retardeds. An example of this may be seen in the upper 
part of the heart shown in figure 4 a. This is the heart of 
one of the controls. If we exclude this ring we may say that 
the calcification in the hearts is more extensive and more fre- 
quent in the hearts of the retardeds. Figure 4 h shows the 
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heart of a retarded rat of the 1000-day group and a typical 
calcification in the auricles. This rat died at the age of 1004 
days. Our x-ray data on the hearts are not sufficiently good 
to make comparisons of the kind we have made in the cases 
of aortas and kidneys. 

GENERAL ^PATHOLOGY OP NORMAL AND RETARDED EATS 

Limited observations indicate that our stock colony of rats 
suffers from a high incidence of lung disease when about 1 
year of age. There is no way of detecting this ordinarily, 



a b 

Fig. 4 flight c-alcificatioii near the base of the hearts of control rat (a) and 
retarded rat (b). 

however, except by dissection of the animals since they ap- 
pear in fine health. From the few observations published 
elsewhere and from our dissection of rats from other sources, 
it seems tliat this is general. Nevertheless, it is a matter for 
serious consideration since it may be a complicating factor 
of marked importance when the life span is being studied. 

If lung disease is important in terminating the life of rats 
considered normal, its influence must be much less in retarded 
animals. In the present study a high incidence has been found 
in both nomal and retarded rats at the time of death. As a 
whole the condition of the lungs in retarded rats at extreme 
ages has been no different than that found in normal animals 
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that lived for a much shorter period. In rats retarded for 
15 weeks Jackson (’37) found a lower incidence of both 
middle ear disease and lung disorder among retardi'd animals. 
The relation of rickets to rapid growth has long Ixhmi r(‘cog- 
nized but the possibility of a similar relationship between dis- 
eases of bacterial origin has seemed remote. The growth 
]-ate may have a much more profound influence, however, than 
has been conceived. 

The development of tumors in the course of the present 
study has been given some attentioir. In the groups permitted 
to grow normally seven out of fourteen females and two of 
the seventeen males died with tumors. Some of thos(f tumors 
weighed nearly as much as the reihaiuder of the animal. 

Among the retarded animals only two tumors develojred 
in the course of retardation. Both of these eases wei’o among 
those retarded for more than 300 days. After retarded ani- 
mals were allowed to mature, only five tumors were observed 
in twenty-five cases. Three of these five wore in the gi’oup 
of nine rats allowed to mature at 300 days. This evidence is 
very limited but may indicate that retardation also decreases 
the number of tumors that develop. It is difficult to know- 
whether the failure of these diseases to develop permits the 
retarded animals to live longer or whether the retardation 
modifies the composition of the body so that it is less subject 
to diseases. 

The condition of the kidneys at the time of dealh varied 
widely among individuals in respects other than calcification. 
About a fourth of the control groups and those retarded for 
the extreme periods of 700 and 1000 days exhibited marked 
injury. This incidence of diseased kidneys seemed somewhat 
higher among those retarded for only 300 and 500 days. 

SUMMARY 

Rats that had been retarded for periods of 300 to 1000 days 
were used for studying the chemical and pathological changes 
that accompany aging. The calcium of the eyes was found 
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to vary from 34 to 1078 mg.% on a dry basis. Most of this 
calcium is deposited in the eyes after an age of about 900 
days. The calcium of the eyes is not correlated with either 
changes in the bones or with the calcification of other tissues. 
The teeth of the rats were studied by means of the x-ray. 
Even at very advanced ages a few animals had intact teeth. 
About a fourth of all the teeth examined were carious or 
missing. Females exhibited more damage to their teeth than 
males although these females never reproduced. A number 
of cases with bad infections extending into the jaw bones were 
found. The calcification of the costal cartilages was followed 
by means of the x-ray. This calcification was much more 
marked in normal animals than in those of the same age that 
had been retarded in growth. X-ray photographs of calci- 
fied kidneys, hearts and aortas are included. The calcifica- 
tion of the aorta is found to have a much higher incidence 
among retarded animals than among normals. Indirect evi- 
dence indicates that retarded animals are less susceptible to 
lung disease when a year of age than the normals. Limited 
evidence also indicates a lower incidence of tumors in re- 
tarded animals. 
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The extensive use of the white rat for the assay of vitamin 
D warrants attention to the progressive changes in bone 
structure that take place during the development of the rachitic 
condition and during normal growth. Therefore, the object 
of the present investigation was to obtain a picture of the 
development of the radii of i-ats from 3 to 54 days of age 
on a stock colony ration, and of rats taken from the stock 
colony group and fed a rachitogenic ration from 24 to 54 
days of age. Of the latter period, the portion from 24 to 47 
days is that ordinarily used in this laboratory for the deple- 
tion of rats for use in vitamin D assays (U. S. P. XI, 1937, 
Eev.). The stock colony group will be referred to as the 
normal group. 


EXPERIMENTAL PROCEDURE 

The stock colony ration was one which has been in use in our 
colony for 10 years and consists of 60% ground whole wheat, 
30% dried whole milk and 10% meat scrap (55% protein), 
with sodium chloride added to the extent of 2% of the weight 
of the wheat (Russell, ’32). The rachitogenic ration was the 
well-known Steenbock 2965 (Steenbock and Black, ’25). 

^Journal series paper of tlie New Jersey Agricultural Experiment Station, 
department of agricultural biochemistry. Presented before the American Society 
of Biological Cliemists at Memphis, Tennessee, April, 1937. 
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Radii were collected from two series of animals. The first 
series covered the period from January to dune, 193fi, and 
the number of animals in a litter varied from six to ten. The 
animals of a litter, nursed by mothers on the stock colony 
ration, were killed at 3-day intervals from 3 to 24 days ot 
age, inclusive. Wliole litters, weaned at 24 days of age, 
were continued on the stock colony ration or placed on the 
rachitogenic ration. The members of a litter were killed 
at 3-day intervals, from 27 to 54 days of age, inclusive. At the 
completion of the series each 3-day group consisted of five 
animals. 

In order to check the results of the first series with animals 
selected at a different season of the year, a second collection 
of radii was made during November and December, 193(5. 
The selection of animals was essentially the same as in the 
first series except that litters were reduced to eight members 
each between the third and sixth days and no litters of less 
than eight were used. Hence one animal from each of five 
litters was available for each age group for the first 24 days. 
For the period from 27 to 54 days of age a sufficient numb('r 
of litters of eight rats each was divided between the two rations 
so that litter mates on each ration could be killed at intervals 
throughout the period and provide groups of five animals ('ach 
at 3-day intervals. 


RESULTS AND DTSOURSTON 

The radii were split, stained with silver nitrate and photo- 
graphed (Taylor, Klein and Russell, ’38). In order to con- 
serve space, a typical bone has been selected from each gi-ou)) 
of the first series and the bones, arranged in chronological 
order, are shown in figure 1. At 3 days of age calcification had 
not appeared in the head of any of the radii, at 6 days of ago it 
was observed in some cases but at 9 days it was present in all 
members of the group. In the normal animals there was a 
progressive narrowing of the epiphyseal cartilage with in- 
crease in age but an immediate and rapid widening of the 
cartilage occurred as soon as animals were placed on the 
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rachitogenic ration. At about 30 days of age, after 6 days on 
the rachitogenic ration, the bones of the animals of this group 
began to difPer in appearance from those of the normal. The 
diameter of the shaft tended to remain constant, whereas 
the head of the bone continued to enlarge. In the normal 
bones both the head and the shaft continued to grow. This 
ditference in shaft growth gives the heads of the bones of 
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Figure 1 

the rachitic series the appearance of having greater width 
than those of the normal, but measurement shows that the head 
diameter is essentially the same in the two types of bones. 

The growth curves (fig. 2) reveal the marked slowing of 
growth which took place when the animals were placed on 
the rachitogenic ration. The gain in weight of animals of 
this colony during the depletion period (24 to 47 days of age 
for the preparation of animals for vitamin D assay) varies, 
and the gain made by the animals of this experiment, about 
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10 gm., was lower than the 15 to 20 gm. gain frequently ob- 
served. Even when the best growth was sliown during the 
depletion period it was markedly less than during the same age 
period on the colony ration. This sharj) clmiige in growth 
rate indicates that the rachitogenic ration is deficient in certain 
factors essential for growth and that the storage of these 
factors is very small. The apparent retardation of the growth 
rate, immediately after 24- days of age, as shown i)y tl»e 



curves for the stock colony animals was probably du(> to 
the fact that during the first 24 days litters were jirogrossively 
1 educed so that the remaining rats had a hotter opportunity 
for nursing and, therefore, gained more rapidly, whereas 
animals from whole litters weaned at 24 days were used in 
obtaining the points on the growth curves for 27 days of 
age and subsequent ages. 

The width of the epiphyseal cartilage has been used as 
an index of calcification. To make this measurement, the bone 
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photograplis were enlarged so that the diameter of the photo- 
graph actually used for the measurement was ten times that 
of the bone itself. Width values are an average of measure- 
ments made at each side and at the center of the cartilage. 

Variation of the width of the epiphyseal cartilage with age 
is shown in figure 3. The width of the cartilage decreased 



rapidly during the first 24 days of life. Beyond this period 
the decrease continued in the case of the animals placed on 
the colony ration but at a slower rate. Immediately after the 
anima ls were placed on the rachitogenie ration a rapid widen- 
ing of the epiphyseal cartilage ensued. In series 1 a maxi- 
mum width was reached at 42 days of age, which is 18 days 
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after the start of the depletion period. After the peak was 
reached, there were fluctuations in width values until the 
end of the experiment at 54 days of age but no further increase. 
This observation is in agreement with the experience of tMs 
laboratory that when rickets resistance occurs the continuance 
of a uimals beyond the usual depletion period does not induce 
more severe rickets. 

Maximum cartilage width was apparently reached at 51 
days of age, after 27 days of depletion, in series 2. The 
practice in this laboratory is to start animals on the assay 
period for vitamin D assays after 23 days of depletion on 
the rachitogenic ration. Had the animals of series 1 been used 
for assay at 47 days of age (after 23 days of depletion) the 
maximum epiphyseal width would have been passed but in 
series 2 the maximum would not have been reached. There- 
fore, it is conceivable that for series 2, in which the depletion 
process was stiU in progress, a different number of units of 
vitamin D would be necessary for a given degree of line calcifi- 
cation than for series 1 in which depletion had already reached 
a maximum. If this condition exists it may explain the wide 
differences in response which are sometimes observed among 
the animals of an assay group which have received identical 
quantities of vitamin D. 


SUMMARY 

Radii were obtained from albino rats in a stock colony 
ration at 3-day intervals for the age period of 3 days to 54 
days, inclusive. From 24 to 54 days of age, inclusive, rats 
from the stock colony were fed the Steenbock rachitogenic 
ration 2965 and the radii taken at 3-day intervals. 

The split, stained radii were photographed and the average 
width of the epiphyseal cartilage measured. This value for 
the stock colony animals decreased continuously and tended 
to become constant after 36 days of age. The narrowing of 
the epiphyseal cartilage ceased within 3 days after the animals 
were placed on the rachitogenic ration and a widening process 
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began wliich continued for 18 to 27 days (42 to 51 days of 
age) after wMcb, there was no further widening of the cartilage. 

There was a marked retardation of the growth rate im- 
mediately after the animals were placed on the rachitogenic 
ration. 
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Numerous workers have found that high levels of calcium 
and phosphorus in the diet of chickens increase the incidence 
of perosis. Repeated observations on the aggravation of 
perosis with sodiiun phosphate and steamed bone meal as well 
as statistical studies (Milby, ’33; Hammond, ’36), have placed 
the responsibility for this effect upon phosphorus. However, 
other evidence indicates that this causative effect is not due 
to phosphorus alone. A review of the literature has shown 
that phosphorus generally aggravates perosis only when a 
high level of calcium is also in the diet. Hunter ( ’31), Payne 
(’32), Wilgus (’37 a) and their co-workers have found that 
perosis can be aggravated by a high-calcium diet. On the 
other hand, perosis is not aggravated by a low-calcium high- 
phosphorus diet (Schaible et al., ’33; Milby, ’34; Clifcorn 
et al., ’38). 

Feeding large amounts of calcium and phosphorus induces 
perosis by increasing the requirement for manganese ( Caskey 
and Norris, ’38; Schaible et al., ’38; "Wiese et al., ’38 a). 
Since there is no pronounced change in blood calcium and 
phosphorus in perosis (Hall and King, ’31; Payne et al., ’32; 
Herner and Robinson, ’32; Holmes et al., ’33; Heller and 
Penquite, ’37; Wilcke, ’33; Wiese et al., ’38 b), and since 
manganese injected intraperitoneally or subcutaneously is 
effective in much smaller quantities than that given in the 
diet (Lyons, ’38; Schaible, ’38; Caskey, ’38; Weise, ’38 b and 
their co-workers), it seems probable that the effect of excess 



36 


H. S. WILGUS, Jb. and A. B. PATTON 


ealeium and phosphorus takes place in the digestive tract in- 
stead of within the body proper. Schaible (’35) has found 
that calcium phosphate tends to dissolve in the upper diges- 
tive tract and to repreeipitate in the lower intestines. We be- 
lieved this precipitation might result in a removal of soluble 
manganese, thus causing perosis by creating a virtual 
manganese deficiency. Proceeding on this hypothesis, further 
evidence that phosphorus alone is not causative has been ob- 
tained and the mechanism by which calcium and phosphorus 

TABLE 1 


JBasal diets used in gromtli trials 


INGREDIENTS 

1 EXPERIMENT NUMBER 

1 

2 

3 

% 

% 

% 

% 

Groxmd yellow corn 

69.3 

61.2 

51.2 

Bried buttermilk 

10.0 

10.0 

. . 

Dried skim milk i 

. . 

. , 

20.0 

Sardiae meal 

10.0 

15.0 

. , 

Soybean oil meal 

. . 

, . 

20.0 

Alfalfa leaf meal 

0.0 

5.0 

» . 

Sodium chloride iodized 

0.5 

0.5 

1 1.0 

Reenforced fsb oil (400 D) 

0.2 

0.3 

0.3 

Pulverized oystershell 

. . 

. . 

' 0.5 

Steamed bone meal 

. . 

. . 

2.0 

Total 

100.0 


‘""" 95.0 “ ‘ 

Ground yellow corn and supplement 

•• 

8.0 

5.0 


in the diet increase the incidence of perosis has been inves- 
tigated. 

GEOWTH TBIAL 

Observations on the effect of phosphorus from different 
sources on the incidence of perosis constitutes the first part 
of this report. A series of three growth trials was run with 
White Plymouth Rock chicks. The experimental procedure 
was essentially the same as that previously used (Wilgus et 
al., ’37 a). The basal diets used in each of the three trials 
are given in table 1. The supplements added to the diets and 
the analyses of the final diets are given in table 2. In experi- 
ments 2 and 3, the feed containing phosphoric acid was stored 
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in cans lined with cotton sacks and the galvanized feeders and 
griUs were heavily coated with bakelite varnish. 

The results of these growth tiials are given in table 2. In 
all three experiments, phosphoric acid added alone to make 
the total phosphorns between 1.0 and 1.3% in a basal diet 
containing from 0.74 to 1.27% of calcinm not only failed to 
aggravate perosis but actually appeared to alleviate the symp- 
toms somewhat. The addition of sodium carbonate in experi- 
ments 1 and 3 alone, or with phosphoric acid in an amount 
to approximate monosodium phosphate, had no effect. The 
C.P. monosodium phosphate used in experiment 1, presumably 
as a standard of comparison for the production of perosis, 
failed likewise to be markedly aggravating, although more so 
than the basal diet alone. This sample of monosodium phos- 
phate depressed growth to quite an extent but did not show 
any significant impurities on later spectrographic examina- 
tion. 

Eaising the calcium content of the diet to about 2.1% with 
calcium carbonate did not aggravate perosis to the anticipated 
extent at a phosphorus level of about 0.8%. This might be 
expected in experiment 2, in which the severity of perosis was 
already great on the basal diet alone. The inetfectiveness 
in experiment 3 could be accounted for only if the small 
amount of manganese found on this salt (8 p.p.m.) was more 
efifective when fed combined with the salt rather than alone. 
Discrepancies due to manganese contamination have been ob- 
served before (Wilgus et al, ’37 b; Schaible et al., ’38). How- 
ever, when the calcium and the phosphorus levels wore in- 
creased simultaneously to about 2.1% and 1.3% respectively, 
the incidence of perosis was enhanced. In view of the ineffec- 
tiveness of phosphorus incitement alone, calcium is essential to 
increase the incidence of perosis. 

Ferric citrate was added to the diet in experiment 1 to 
clarify previous conflicting results (Wilgus et al., ’37 b) ob- 
tained on this material. These data definitely showed that 
this salt was causative. 
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Manganese was determined in the combined tibiae, femora 
and metatarsi of the left legs of five birds from each pen in 
experiment 3. The data show a very low concentration of 
manganese in all pens, although the manganese supplementa- 
tion slightly increased the concentration of that element in the 
bones. However, this amount while somewhat higher than 
that reported by G-allup and Norris ( ’38) and by Schaible et 
al. (’38), is so small as to suggest that manganese is not a 
component part of bone structure. 

IN VITEO TEIAL 

Since the results of the growth trial supported the hy- 
pothesis advanced, further experiments were carried on in 
the laboratory. A solution of calcium nitrate was added to 
a solution of phosphoric acid and manganous sulfate. Con- 
centrations of calcium, phosphate and manganous ions were 
similar to those found in the diets used in pens 1 and 7 of 
experiment 3. At a slightly acid reaction to simulate the pH 
of the lower digestive tract, the system was heated to boiling, 
cooled, the calcium phosphate precipitate removed by filtra- 
tion and the precipitate washed. Manganese determinations 
showed the removal of all manganese from solution by the 
calcium-phosphate precipitate. 

A similar experiment was performed with concentrations 
of iron and manganese similar to those used in pens 10 and 11 
of experiment 1, except that ferric chloride was used. The 
solutions were boiled with the addition of a few cubic centi- 
meters of n/10 NaOH to facilitate the flocculation of ferric 
hydroxide. On filtering and washing, the manganese was 
recovered in the precipitate. 

These two series of experiments supported the hypothesis 
that the availability of manganese in the digestive tract of 
the chicken is decreased by an excess of calcium and phos- 
phorus or by excess iron through adsorption or combination 
with the insoluble salts formed. As a final test, a feeding 
trial was conducted. 
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IN YITO TBIAL 

Three groups of four White Leghorn pullets approximately 
18 weeks old and of about the same weight were placed on 
the following diets : 

Penl — ^Perosis basal diet (experiment 3), 0.96% calcium, 0.80% phospboxus. 
Pen 2 — ^Basal diet plus 50 ppm. manganese; 0.96% calcium, 0.80% phosphotua. 
Pens — ^Basal diet plus 50 ppm. manganese plus 7% steamed bone meal; 2.92% 
calcium, 1.65% phosphorus. 

At the end of 10 days, the birds were sacrificed and con- 
tents of the crop, proventriculus and gizzard, duodenum. 


TABLB 3 

Solubility of manganese in the digestixte tract 



1 TOTAIi MANOAJTESB | 

niALTZABLB MAKOAKBSB 


1 

Basal 

2 

Hn 

; 3 

Mn+St.B.M: 

1 

Basal 

2 

Hn 

3 

Mn + StB-M 


mcff 

mcff 

meg 

% 

% 

% 

1. Feed 

346 

1554 

1090 

29 

38 

22 

2. Crop 

3. Proventriculus and 

141 

1250 

917 

40 

I 

38 

26 

gizzard 

96 

137 

277 

74 

71 

53 

4. Duodenum 

5. Small intestine 

63 

40 

38 

1 

63 

80 

a. upper half 

188 

1086 

471 

61 

80 

32 

b. Lower hlaf 

229 

1002 

872 

41 

38 

12 

a + b 

417 

2088 

1343 

50 “ 

”””*60“' 

19 

6. Colon 

20 

83 

102 

100 

100 

80 

7. Caeca 

45 

191 

128 

78 

0 

12 

Total 4 to 7 inclusive 

545 

2402 

1611 


' “*57 ' 

24 

8. Excreta 

137 

5156 

4173 


” irr 

3 


upper half of the small intestine, lower half of the small in- 
testine, colon and caeca were removed separately. Samples 
of each diet and of excreta were also used. The pH of each 
sample was determined immediately on removal. The samples 
from the individuals in each pen were then combined in each 
of the seven fractions and poured into cellophane tubes. 
About 18 hours elapsed between these two steps; hence, the 
pH on the combined fractions were redetermined just previ- 
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ous to transfer. The samples were then dialyzed against dis- 
tilled water for 3 days, with six changes of water. 

The combined diffusates for each fraction were evaporated 
to dryness with abont 10 cc. of HNOg and ashed. Total 
manganese was then determined by the periodate method. 

The data thns obtained are summarized in table 3. They 
show that the presence of excess caleinm and phosphorus in 
the diet definitely depressed the solubility of manganese in 
the digestive tract. This appeared to be true even in the feed, 

TABLE 4 


pS of feedj digestive material and excreta 



FRESH MATERIAL | 

1 18 HOURS IiATER 

MATERIAL 

1 

Basal 

2 

Mn 

3 

Ma + StB.M 

1 

Basal 

2 

Mn 

3 

Mn+St.B.M 

1. Feed 

6.5 • 

6.4 

6.5 

• • i 



2. Crop 

8. Proventrieulus and 

4.5 

5.2 

4.8 

4.4 

4.4 

4.2 

gizzard 

3.5 

3.3 

3.3 

4.0 

3.8 

4.1 

4. Duodenum 

5. Small intestine 

6.0 

6.2 

6.0 

5.3 

5.6 

5.7 

a. Upper half 

6.1 

6.3 

6.3 

5.6 

5.5 

5.8 

b. Lower half 

7.2 

7.3 

7.4 

5.5 

, 5.6 

6.0 

6. Colon 

6.4 

6.9 

1 6.9 

5.3 

5.2 

5.8 

7. Caeca 

5.5 

6.5 

6.1 

5.4 

6.6 

6.5 

8. Excreta 

• - 


.. 

5.5 

5.2 

5.2 


in the crop and in the proventriculus and gizzard. The figures 
are particularly impressive in the lower half of the small in- 
testine and in the excreta. The small amount of material 
and of manganese in the duodenum, colon and caeca render 
data for these portions of less significance. 

As shown in table 4, the pH of the materials decreased with 
standing at room temperature. Since this would tend to in- 
crease the availability of manganese, it seems likely that even 
more striking results would have been obtained if this shift 
in pH could have been avoided. 
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DISCUSSION 

These findings strongly indicate that the perosis-aggra- 
vating action of such supplements as steamed bone meal and 
caleinm phosphate is due to the removal of manganese from 
solution by the excess insoluble calcium phosphate in the in- 
testines. The same explanation may hold for the increase in 
perosis following the addition of calcium salts without pro- 
viding additional phosphorus, since the excess of calcium in 
the digestive tract would favor the formation of insoluble 
calcium phosphate. Likewise, when phosphorus supplementa- 
tion is made to high calcium diets, as is usually the case, the 
formation of insoluble phosphate would be facilitated by the 
increased amount of both phosphorus and calcium in the di- 
gestive tract. 

A calculation of the amounts of manganese injected by 
Lyons (’38), Schaible (’38), Gallup (’38) and Wiese (’38 b) 
and their co-workers into approximate concentration in the 
diet shows that from 6 to 10 p.p.m. was thus injected. The 
minimum protective levels of manganese required to be added 
to the basal diets for comparable protection was shown to be 
from 25 to 30 p.p.m. by Insko (’38), Gallup (’38 a) and 
Schaible (’38) and their co-workers. This indicates that not 
more than 20 to 40% of the manganese is available when added 
to the diet in these amounts. These percentages, calculated 
on the basis of assumed feed consumption, are comparable to 
those given in this report for the small intestines. 

The stimulation of perosis by a small addition of ferric 
citrate to the diet may be explained by the formation of ferric 
chloride in gastric digestion and by hydrolysis to insoluble 
ferric hydroxide in the less acid intestines. This reaction 
would tend to remove the manganese in the manner demon- 
strated in vitro. 

It is possible that the action of calcium phosphate in the 
digestive tract may prove to be the same mechanism that in- 
creases the iodine requirement (Thompson, ’36) and inter- 
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feres mtli iron assimilation (Kletzien, ’38) through the feed- 
ing of excess calcium. 

The fact that manganese occurs in such a limited concen- 
tration in fat-free-dry bone is in agreement with the report 
of Gallup and Norris (’38) and of Schaible et al. (’38) and 
would seem to indicate that this element is not a component 
part of bone structure. The evidence brought forth by Wiese 
et al. (’38 b) that bone phosphatase is subnormal in active 
perosis and the report that manganese catalyzes phosphatase 
activity (Thannhauser et al., ’37) might lead one to conclude 
that the effect of manganese is the result of its catalytic effect 
on phosphatase. The low serum pjjosphoric ester reported 
by these workers may be a result of low serum phosphatase, 
as this enzyme acts reversibly. 

However, the primary effect of manganese in bone growth 
may be found to relate more closely to bone cartilage than to 
bone salt deposition. The well-known fact that the ash, 
calcium and phosphorus content of bone is normal in perosis 
and the incidence of chondrodystrophy in chick embryos from 
hens on a low-manganese diet (Lyons and Insko, ’37) support 
this possibility. 


SUMMABT 

The finding that phosphorus supplementation to a perosis- 
producing diet did not aggravate perosis indicates that phos- 
phorus per se is not a causative factor. Excess calcium in the 
diet is apparently essential for the stimulation of perosis. 

It has been shown that insoluble calcium phosphate can re- 
move manganous ions from solution. The decrease in dif- 
fusible manganese in the intestinal contents of chicks which 
was observed after feeding steamed bone meal is apparently 
due to this action of calcium phosphate. 

Ferric hydroxide also removed manganese from solution. 
Ferric citrate in the diet increased the severity of perosis. 
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In 1935 and 1937 papers were published from this labora- 
tory (Forbes, Swift, Black and Kahlenberg, ’35; and Forbes, 
Voris, Bratzler and Wainio, ’37) setting forth results of ex- 
pei'iments on the plane of protein intake as affecting the 
utilization of food energy and protein, the main nitrogenous 
component of the diets having been casein. 

These experiments were in excellent agreement in reveal- 
ing moderate decrease in heat production with increase in the 
protein content of equicaloric diets containing 10, 15, 20, 25, 
30, 35 and 45% of protein. However, certain questions re- 
mained as to whether the facts characterizing casein in this 
connection are true of protein in general, and also as to the 
influence of the plane of food intake in the same relations. 

The experiments to be discussed, therefore, were designed 
to contribute to the answer of these two questions. 

The procedure was the same as in the earlier studies of the 
same general subject; that is, the body gains of energy and 
of protein were determined by difference between values for 
the body components of a control group representing the ex- 
perimental subjects at the beginning of the investigation and 

’Authorized for publication on February 25, 1939, as paper no, 892 in the 
journal series of the Pennsylvania Agricultural Experiment Station, 
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parallel values for subjects at the end of the 70-day experi- 
ment; and the heat production was measured as the gross 
energy of the food minus the energy of the excreta and of 
the body gain for the entire period. 

As in the earlier experiments the rats were fed with quadru- 
plet food control. The protein contents of the diets were 
10, 25, 35 and 45%, respectively, each rat of a quadruplet 
receiving a different intake of protein, but the same intake 
of energy. 

The twelve quadruplets of rats serving as experimental 
subjects were divided into two groups of six quadruplets each, 
one of which was held to approximately the same food intake 
as that which prevailed in the earlier experiments with casein, 
while the other was permitted to consume food at a much 
higher rate, determined for each quadruplet by the ad libitum 
consumption of the poorest eater in each quadruplet. The 
average consumption of food energy in this latter group of 
six quadruplets was 44.7% higher than the average in the 
earlier experiments. 

The composition of the diets as given in table 1 requires 
no comment. 

In table 2 it is shown that the higher plane of food intake 
led to the larger body gains at each percentage of protein — 
which is virtually inevitable. 

The relative efficiency of the diets to produce gain in body 
weight is indicated in figures 1 and 2. These graphs repre- 
ent gross body weight. 

The nitrogen and the fat gained, and the quantitative rela- 
tion of the one to the other, are determined as resultants of 
a complication of factors, to wit — ^the amounts and propor- 
tions of protein and non-protein nutriment 1) in the diets, 
2) required for maintenance, and 3) available for body in- 
crease. 

At the lower plane of food intake the comparatively low 
values for both nitrogen and fat gained only suggest intake 
less than the optimum. The rapid decrease in fat gained with 
increasing order of protein contents of the diets "implies di- 
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TABLE 1 


Composition of diets 



10% PROTEIN 
RATION 

25% PROTEIN 
RATION 

i 35% PROTEIN 

1 RATION 

45% PROTEIN 
RATION 


% 

% 

% 

% 

Cellu flour 

4.00 

4.00 

4.00 

4.00 

0. and M. salt mixture 

4.00 

4.00 

4.00 

4.00 

Nad 

1.00 

1.00 

1.00 

1.00 

Butterfat 

1.00 

1.00 

1.00 

1.00 

Yeast ^ 

6.00 

6.00 

6.00 

6.00 

Dextrin 

62.34 

49.29 

40.59 

31.89 

Beef protein 

8.19 

26.55 

38.80 i 

51.04 

Criseo 

13.47 

8.16 

4.61 

1.07 


100.00 

100.00 

100.00 

100.00 


^ The yeast mixture contained 5 parts of brewer 's yeast to 1 part of irradiated 
yeast. 

Note: Carotene, in oil, was added to each diet in the proportion of 0.333 gm. 
per kilogram. Each diet contained approximately 1.4 U.S.P, units of vitamin A 
per gram. 


TABLE 2 

Food eaten and average quantities^ character and gross efficiency of gams in 

weight during 70 days 


b H 

ioo 

Sss 

g 

h 

Si 

s 

POOD EATEN 
(DRV 
matter) 

2g 

1- 

“lls 

o 3 s s 

' s 

1 

§s 

H ® 

3^ 

O 0 

gs 

H 

i 

1 

1 

i 

a ^ 

sis 

t 


ffm. 

gm.. 

gm. 

gm. 

I gm. 

gm. 

gm. 

gm. 

Lower food 
intake 









10 

48 

123 

430 

76 

5.7 

2.5 

12.60 

5.0 

25 

48 

141 

430 

94 

4.6 

3.5 

8.35 

2.4 

35 

48 

139 

430 

91 

4.7 

3.4 

7.07 

2.1 

45 

48 

132 

429 

83 

5.2 

3.2 

4.31 

1.3 

Higher food 
intake 



i 


1 




10 

49 

173 

630 

121 

5.2 

3.7 

24.31 

6.6 

25 

50 

218 

630 

167 

3.8 

5.5 

29.61 

5.4 

35 

50 

220 

630 

168 ! 

3.8 

5.8 1 

22.81 

3.9 

45 

50 

207 

629 

154 j 

4.1 

5.2 1 

23.91 

4.6 


Note: All data in all tables are averages per rat, from groups of six on the 
same dietary treatment, for 70 days. 
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tninisTiiTig non-EitrogenoTis nutriment ; and the associated gain 
in body nitrogen, from the 10% protein to the 25% protein 
diet, followed by a decrease in gain in nitrogen from the 25% 
protein to the 45% protein diet, seems to be due primarily to 
the fact that the protein was unaccompanied by enough non- 
protein nutriment to provide for its efficient utilization. 

At the higher plane of nutrition the amounts of nitrogen 
and of fat gained were inevitably much higher, than at the 
lower plane, with the best conditions for gain of nitrogen 

UUIMTAKE HltHIHTMie 




Fig. 1 Shows average gains in. body weight of groups of six growing rats as 
affected by the plane of intake of beef muscle protein in equiealoric diets con- 
sumed at a restricted rate. 

Fig. 2 Shows average gains in body weight of groups of six growing rats 
as affected by the plane of intake of beef muscle protein in equiealoric diets 
consumed at a relatively liberal rate. 

with the 35% protein diet and for gain of fat with the 10% 
protein diet. 

It is clear, therefore, that the character of the body in- 
crease as to proportion of fat to protein differs in accord 
with character of the food. 

The distribution of the food energy as affected by the plane 
of intake and by the percentage of protein in the equiealoric 
diets is shown in table 3 and in figures 3 and 4. 
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TABLE 3 

Distributiort of average total food energy^ as affeoted hy the plane of 

protein intake 


PER CENT OP 
PBOTBIN IN 
PIET 

POOP 

ENERGY 

PBOES 

DI- 

GESTBP 

TTBINB 

MBTABO- 

IjIZEP 

BOPY 

GAIN 

BODY 

GAIN 

AS 

PROTEIN 

BODY 

GAIN 

AS 

PAT 1 

HEAT 

Lower food 

Oal, 

Cal. 

Cal, 

Cal, 

Cal, 

Cal, 

Cal. 

Oal. 

Cal, 

intake 










10 i 

2138 

216 

1922 

42 

1880 

210 

91 

119 

1670 

25 

2138 

186 

1952 

98 

1854 

201 

122 

79 

1653 

35 

2138 

178 I 

1960 

142 

1818 

187 

120 

67 

1631 

45 

2138 

187 

1951 

183 

1768 

156 

115 

41 

1612 

Higher food 
intake 










10 

3136 

339 

2797 

58 

2739 

364 

136 

228 

2375 

25 

3136 

296 

2840 

142 

2698 

480 

201 

279 

2218 

35 

3136 

279 

2857 

209 

2648 

423 

208 

215 

2225 

45 ! 

3136 

298 1 

2838 

261 

2577 

415 

189 

226 

2162 


* For 70 days. 


LOU INTAKE Hm INTAKE 


itoo 

FOOD 

9200 

SOfO 

FOOD 

iooo 


iOOO 



uiCMrrfl 


DIGESTED 

1900 


1750 

z 


neTASOLIZEO 


nETADOUZED 

taoo 


1900 


1709 

HEAT 

2450 






Se tooo 

p 

— ^ 

2900 


.4 

< 



^'*''***‘^ 1 -- - 

** 1900 


itto 


999 


*00 


JOO 


450 

BODY GAIN 


BODYDAm 



ZOO 


300 

FAT Mwlf JT JT. - •fe:.’::! n. — ^ 

1 

FECES , 


'‘’pKorm Gum 


FKOTElNiSAW 

-uuia 3 FAr«*7# 


"■Tw/Ic ^ 


n as 3 S 4S to ts 3S «s 

PEKCSNTAee OF PR&reiN in diets 


Fig. 3 Illustrates the distribution of food energy by groups of six growing 
rats as affected by the plane of intake of beef muscle protein in equicalorie diets 
consumed at a restricted rate. 

Fig. 4 Illustrates the distribution of food energy by groups of six growing 
rats as affected by the plane of intake of beef muscle protein in equicalorie diets 
consumed at a relatively liberal rate. 
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The more notable facts in this relation, at the two planes 
of food intake, were 1) that the digestibility of the nutrients 
containing the food energy increased slightly from the 10% 
to the 35% protein diets, and then decreased very slightly 
between the 35% and the 45% protein diets; 2) that the urine 
energy increased markedly and regularly from the 10% to 
the 45% protein diet; 3) that the metaboHzability of the diets 
diminished at a nearly regular rate from the 10% to the 45% 
protein diet; 4) that the heat production diminished slightly 
from the 10% to the 45% protein diet, at a rate less than the 
accompanying decrease in metabolizable energy at the lower 
plane of nutrition, but greater than the decrease in metabo- 
lizable energy at the higher plane of nutrition; 5) that the 
body gain diminished materially at the lower plane of intake 
and increased slightly (with some irregularity) at the higher 
plane of food intake, from the 10% to the 45% protein diet. 

The facts in relation to protein gain and fat gain are pre- 
sented but are less notable. As indicative of the accuracy of 
the experimental work, the average recovery of food nitrogen 
in excreta and in body increase was 98.5%. 

The method of the experiment did not provide an analysis 
of the heat production, though in the earlier experiments on 
the same subject it was demonstrated that differences in the 
protein content of the equicaloric diets did not affect the basal 
metabolism. 

The comparative effects of casein and beef muscle protein 
on the distribution of the food energy may be observed from 
the data relating to the rats on the lower food intake (table 3), 
and from parallel data in the 1937 paper of Forbes, Voris, 
Bratzler and Wainio (the lower half of table 3, p. 293). 

The food energy being essentially the same in the rations 
containing the casein and the beef muscle, the casein ration 
was somewhat more efficiently digested. Urine energy values 
were almost identical. Metabolizable energy values, there- 
fore, differed as the digestible energy values differed. 

Values for energy of body gain were higher for the casein ; 
as to heat production, the values differed but little— between 



UTILIZATION- AND PEOTBIN LEVEL, 


53 


1699 to 1576 for the casein ration and 1670 to 1612 for the 
beef protein ration. ^ 

These data, therefore, reveal no evidence whatever of a 
greater heat stimulating effect of beef mnscle protein than 
of casein for growing rats. 

The metabolizability of the food energy is obviously a fac- 
tor of importance in relation to the heat production, but that 
this factor alone did not control the heat production is indi- 
cated by the facts that at the lower plane of nutrition the 
metabolizable energy diminished about twice as much as did 
the heat production, from the 10% and the 45% diets, while 
at the higher plane of nutrition the heat production dimin- 
ished more rapidly than did the metabohzable energy, -vsdth 
increase in the protein content of the equicaloric diets. 

As m the earlier experiments on the same general subject, 
metabolizable energy was computed as that of the food minus 
that of the excreta without correction for the non-metabo- 
lizable portion of the energy of the body increase. 

The reason that this correction was not made is that it 
would have had the effect to obscure the values of the diets 
for growth — an important consideration in the present in- 
vestigation. 

The distribution of food nitrogen, as accounted for in table 
4, shows that the digestibihty of the nitrogen increased 
slightly but consistently and the urine nitrogen prominently, 
with increase in the protein content of the diets. 

At both planes of nutrition, with increasing order of pro- 
tein contents of the diets the grams of food nitrogen retained 
first increased materially and then decreased slightly; while 
the percentage of the food nitrogen retained was highest with 
the 10% protein diet and diminished to less than one-third 
of this maximum proportion wdth the 45% protein diet. 

That the calories per gram of nitrogen in the urine, as set 
forth in table 5, invariably decreased in accord with progres- 
sively greater protein contents of the diets signifies a de- 
crease in the proportion of nitrogenous compounds of high 
energy value per gram of nitrogen. 
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TABLE 4 


Distribution of average total food nitrogen as affected by the percentage of 

protein in the diet 


CENT OF 
PROTEIN IN 
DIET 

FOOD 

NITROGEN 

FECES 

NITROGEN 

DIGESTED 

NITROGEN 

URINE 

NITROGEN 

BODY GAIN OF 
NITROGEN 

Lower food 

gm. 

gm. 

gm. 

% 

gm. 

% 

gm. 

% 

intake 









10 

7.3 

1,0 1 

6.3 

86.3 

4.0 

54.8 

2.5 

34.2 

25 

18.2 

1.4 

16,8 

92,3 

12.7 

69.8 

3.5 

19.2 

35 

25,5 

1.8 

23.7 

92,9 

19.8 

77.6 

3.4 

13.3 

45 

32.4 

2.1 

30.3 

93,5 

26,4 

81.5 

3.2 

9.9 

Higliei* food 
intake 









10 

10.7 

1.6 

9.1 

1 85.0 

5.3 

49.5 

3.7 

34.6 

25 

26.7 

2.3 

: 24.4 

91.4 

17.9 

' 67.0 

5.5 

20,6 

35 

37.3 

2.9 

34,4 

92.2 

28.0 

; 75.1 

5,8 

15.5 

45 

47.5 

B.4 

44.1 

92.8 

38.0 

i 80.0 

5.2 

10.9 


TABLE 5 


Relationship of nitrogen to energy in urine as affected by the proportion of the 

protein in the diet 


PER CENT OF 
PROTEIN IN 

DIET 

j NITROGEN 

OF URINE 

ENERGY 

OF URINE 

ENERGY PER GRAM 
OF NITROGEN 

IN URINE 


gm. 


Cal. 

datV^ 

Lower food 




intake 





10 

4,0 


42 

10.6 

25 

12.7 


98 

7.7 

35 

19.8 


142 

7.2 

45 

26.4 


183 

6.9 

Higher food 





intake 





10 

5.3 


58 

10.9 

25 

17.9 


142 

7.9 

35 

28.0 


209 

7.5 

45 

38.0 


261 

6.9 
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There is in the results of this experiment, therefore, no 
evidence whatever of an increase in heat production associ- 
ated with progressively greater protein contents of the equi- 
calorie diets ; in fact the findings were in unmistakable agree- 
ment with all of the previous observations showing that with 
higher percentages of protein in the diets there is decrease 
in heat. 

In seekhig to explain this result the mind naturally turns 
to the metabolizability of the diets and to the basal metabolism 
and the voluntary activity. 

In regard to the metabolizable energy of the diets, it has 
been shown that at the 10, 15 and 20% protein levels there is 
no decrease in metabolizable energy with increasing protein 
contents of the diets, though the heat production diminishes 
materially at these levels. Whatever was the infiuence of the 
diminishing metabolizability of the diets on the heat produc- 
tion at the higher protein levels, this factor cannot be regarded 
as the dominant one. 

Basal metabolism was not determined in connection with 
the present experiment, but in the previous studies of the 
same subject covering the same range of percentages of diet- 
ary protein no change in the basal metabolism was observed. 

In all probability a special investigation of this aspect of 
the matter would be required for the complete establishment 
of the facts, since the decrease in heat with increase in pro- 
tein was not particularly extensive, and the factoring of this 
decrease could readily go wnrong in any except a thorough 
investigation of that particular matter. It is, therefore, prob- 
ably wise to hold in abeyance a decision as to whether the 
demonstrated decrease in heat production coincident with in- 
creasing percentages of dietary protein signifies decrease in 
basal metabolism, or in voluntary activity, or in both, though 
the evidence now at hand indicates that the decrease is in the 
voluntary activity. 

Further light will be thrown on the whole problem of the 
present investigation by experiments now in progress with 
mature animals, which cannot store much protein, as subjects. 
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This investigation should reveal the influence on the heat 
production of protein which is utilized for fat or for energy 
production. 

SUMMARY 

The influence of progressively greater protein contents of 
equicaloric diets was studied hy means of feeding, metabo- 
lism and body analysis experiments with two groups, twenty- 
four each, of albino rats as subjects with quadruplet food con- 
trol, the principal food protein being from beef muscle. 

One group was limited in food consumption to the approxi- 
mate amount eaten in earlier experiments with casein as the 
principal food protein, and the other was allowed to eat 
44.7 fo more. 

The most notable observations relating to the distribution 
of food energy were: 1) that the metabolizability of the diets 
diminished at a nearly regular rate from the 10% to the 45% 
protein diet; 2) that the heat production diminished slightly 
from the 10% to the 45% protein diet at a rate less than the 
accompanying decrease in metabolizable energy at the lower 
plane of nutrition, but greater than the decrease in metabo- 
lizable energy at the higher plane of nutrition; 3) that the 
body gain diminished materially at the lower plane of intake 
and increased slightly at the higher plane of food intake from 
the 10% to the 45% protein diet. 

The distribution of the food nitrogen and the composition 
of the body increase, as affected by the composition of the 
diets, were also observed. 

By comparison with earlier work it is shown that beef 
muscle protein does not have a greater heat stimulating effect 
than casein for growing rats. 
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This investigation, with growing albino rats as subjects, 
was based on the following fundamental conceptions: 1) that 
a nutrient is never, under any conditions, metabolized by it- 
self — ^regardless of whether it is of body origin, as during 
fast, or is fed by itself to a subject in the postabsorptive state, 
or is superimposed upon a maintenance diet; 2) that the 
dynaniic effect of a food substance depends on the amount 
and kind of nutriment with which it is utilized and on the 
length of time since food was received; and 3) that the con- 
ditions under which any nutrient possesses its maximum, 
normal nutritive value — ^the logical conditions, therefore, for 
the measurement of dynamic effects and net energy values — 
are as in complete and perfect diets or rations (Forbes, ’33). 

These conceptions may be considered as logical conse- 
quences of the ideas of Rubner (’02) who understood that 
the energy expense of utilization of a mixed diet is less 
than the sum of such values for the components of the diet, 
and who also understood the influence of the sparing of body 
nutrients by food nutrients fed at planes of nutrition below 
energy equilibrium in relation to the apparent dynamic effect 
of the food nutrients. 

Many followers of Rubner, and later of Lusk, have also 
subscribed to these ideas from time to time in various rela- 
tions, but have not followed them consistently in the determina- 
tion of dynamic effects of nutrients. 

Authorized for publication on February 25, 1939, as paper no. 893 in the 
journal series of the Pennsylvania Agricultural Experiment Station. 
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In fact, much the greater part of the literature on this 
subject is based on observations which the authors of this 
paper believe to be at least questionable and of indefinite 
nutritive significance, since they have been made in experi- 
ments on subjects at planes of nutrition below maintenance 
(usually at the so-called basal plane) in which there was, or 
may have been, a sparing of body nutrients by the food 
nutrients under investigation. 

An appreciation of the facts in this situation led to the 
conclusion by Forbes, Braman, Kriss et al. ( ’30) that a heat 
increment determined at a plane, or between planes, of 
nutrition below maintenance is less than the true energy ex- 
pense of food utilization by the amount of energy by which 
the nutrient fed has spared the katabolism of body substance. 

The point of view of the Institute of Animal Nutrition 
of the Pennsylvania State College with reference to the 
measurement of specific dynamic effects, which is based on 
the experimental procedures of Kellner, and of Armsby, as 
modified since 1922 by Forbes and associates, is set forth 
in detail in a recent paper by Kriss, Forbes and Miller ( ’34). 

The main features of the procedure advocated are: 1) the 
measurement of dynamic effects as the difference in the heat 
production in comparable experimental periods, with the 
animal established on and thoroughly adjusted to continuing 
nutritive regimens differing only in the amount of the com- 
ponent of interest, thus permitting heat measurements under 
such conditions and during such time that values of actual 
nutritive significance may be obtained; and 2) the use of the 
status of energy equilibrium as the base from which the 
heat increment is measured, instead of any condition of fast, 
as a means of avoiding confusion of the dynamic effect of 
the food nutrient with the waste heat of utilization of the 
body nutrients katabolized during experimental periods be- 
low the maintenance level. 

Obviously the difference between this and the usual point 
of view of students of the subject is all-important; and, in 
the absence of correct understanding and general agreement 
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as to these considerations, the discussion of intimate details 
of underlying physiology and thermodynamics has very 
naturally led only to continuing confusion of thought. 

But whatever the understanding of the fundamental facts 
involved in this problem, and whatever the details of experi- 
mental procedure employed, the energy expenses of food 
utilization in general, and the dynamic effects of specific 
nutrients, appear to be so much affected by so many influences 
having to do with nutrient combinations, planes of nutrition, 
and the purposes for which the nutrients are used, that if 
such values are to possess the significance of constants this 
must be by virtue of rigorously formalized definition and 
experimental control. The values, therefore, apply with 
accuracy only to the special conditions under which they 
have been determined. 

In the investigation to be discussed determinations were 
made of the dynamic effects and net energy values of protein, 
carbohydrate and fat, singly and of the three combined, 
these supplements being superimposed, in all eases, upon an 
approximately complete, basal, maintenance diet. 

It will be understood that in any determination of heat incre- 
ments the entire supplementing or sparing effect of the com- 
bination of the basal with the test nutrients must be referred 
to the ‘test nutrients’ since there is no scientific method for 
apportioning the value of a diet among its constituents — a 
point of view which becomes obvious and indisputable when 
it is realized that inorganic salts, which possess no energy 
value in the usual sense, and vitamins, which contributed, at the 
most, negligible amounts of energy to diets, may profoundly 
affect the metabolism of energy producing nutrients. 

Results are given of two series of experiments, each series 
consisting of parallel determinations on lots of five rats each, 
at body weights of approximately 100 and 240 gm., respectively. 
A different lot of five rats was used for each treatment at 
each age, and all data presented are averages representing 
five individuals. 
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Each series of experiments extended over several weeks’ 
time, during spring and summer. ^iVith the advancement of 
the season there were naturally many changes in the climatic 
conditions to which the animals were subjected, and it is 
obvious that there were circumstances affecting the heat pro- 
duction which were not under control; but the results possess 
significance by comparison, apart from considerations as to 
their absolute validity. 

Earlier experiments, the results of which are not presented, 
served to emphasize the fact that from the human point of 
view the life-span of the rat is indeed short, and that bio- 
logical measurements on the same individual growing rats 
extending through a number of weeks may readily defeat 
their own purposes if it be assumed that the same background 
of physiological conditions continues throughout such an 
investigation. 

Indeed it was found quite impracticable to maintain correct 
conditions for the comparison of diets by the use of the 
same individual animals as subjects through 6 to 10 weeks’ 
observations. At the end of such a series of experiments the 
subjects were, in effect, not the same individuals as at the 
beginning. 

A prominent difficulty encountered in this relation is that 
we do not have an entirely reliable means of computing the 
heat production of an animal to the basis of a standard live 
weight, as is necessary if the experimental treatment has 
produced changes in weight during the time required for the 
development of the desired response to the treatment. 

Also, the previous feeding affects the heat production, and 
tends to confuse apparent dynamic effects in a series of 
observations with different diets and the same animals. 

Further, rats do not eat as regularly as do some of the 
larger domestic animals and do not lend themselves as ef- 
fectively to feeding at definite rates of intake in relation to 
the live weight; still the live weight does affect the heat pro- 
duction, and this fact must be dealt with in an effective manner. 
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At the expense of much loss of effort, therefore, the authors 
have learned that an advantageous way of providing for an 
extended series of dietary observations on growing rats is 
to select a different lot of animals of the same age and weight 
and having had the same preparatory treatment as the subjects 
for each unit of the program, and then to give them all the 
same quantities of feed. 

Obviously, close consanguinity in the subjects and an ade- 
quate number of individuals in each experimental group are 
essential. 

PBOCEDUBE 

The general method of experimentation and the equipment 
used were approximately as described in a recent paper by 
Forbes, Kriss and Miller (’34), but with alterations in equip- 
ment as follows : a change of the water bath in which the respi- 
ration chamber was immersed to an air compartment with 
windows permitting observation of the animals ; and the sus- 
pension of the respiration chamber from a work adder — ^thus 
providing effectively for the exclusion of data representing 
intervals of time during which there was any considerable 
activity of the experimental subjects. 

Heat production was measured by the Haldane open-circuit 
respiratory quotient procedure in intervals of essentially com- 
plete rest during 7-hour periods in the respiration chamber, 
with the animal adjusted to and established on its dietary 
regime in the experiment. 

Preliminary to the fasting heat measurement (determined 
to provide for the correction of the heat production of com- 
parable animals to a basis of exactly the same live weight) 
the rats were given a maintenance ration for 5 days. Then 
an interval of 25 hours elapsed after the last feed was given 
before the actual fasting heat measurement was begun. 

In preparation for the determination of the heat produc- 
tion from the basal and the supplemented diets the rats were 
thoroughly established on these planes of nutrition by pre- 
liminary feeding; then the same treatment was continued, 
during 1 day for the measurement of the heat production. 
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followed by 7 days for the collection of the excreta — for 
the determination of metabolizable energy. 

The measurement of the heat production of a rat on the 
basal diet, or on the basal diet plus a supplement, was made 
after the auimal had received at 8.00 a.m. one-half of its 
daily food allowance. Half an hour was allowed for eating 
and another half-hour for postprandial activity before the 
auimal was placed in the respiration chamber at 9.00 a.m:. 
The first hour’s heat production was always discarded. The 
values for heat production actually used, therefore, repre- 
sented the third to the eighth hours, inclusive, after feeding — 
minus periods of activity. 

The experimental subjects were male, albino rats from the 
colony of this institute, in which a stock of a high degree of 
vigor and uniformity has been developed in the course of 
many generations of selective breeding. 

The basal diets were composed of two-thirds ground wheat 
and one-third whole milk powder (Parlac) to which was added 
sodium chloride in the proportion of 0.5% of the wheat 
and milk powder. 

The protein supplement was lean beef muscle, sterilized, 
dried at a low temperature, reduced to a powder and ex- 
tracted with ether for 48 hours. The carbohydrate used was 
dextrin (Amidex) which was free from nitrogen, and the 
fat used was lard which was fed as purchased. 

EXPERIMENTAL PROGRAM 

The two experiments were conducted between March 10 
and April 22, and between June 29 and August 9, 1938. 
The schedules of experimentation comprise tables 1 and 5, 
and the numerical data are presented in tables 2 to 4 and 
6 to 8. 

In addition to the metabolism experiments with the rats 
on feed, the 24-hour fasting heat production was determined 
as follows ; 

In experiment I this value was determined for the younger 
rats at an average age of 70 days, and average weight of 
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106 gm., on March 24th and 25th, this quota corrected to a 
standard weight of 100 gm. being 11.18 ±: 0.09 kilo calories ; 
and the fasting heat outgo was determined for the older rats 
at an average age of 113 days and an average weight of 237 gm., 
on May 6th to 12th, this value corrected to the basis of 240 gm. 
live weight being 19.40 ± 0.15 kilo calories. 


TABLE 1 

Schedule of experimentation, Experiment I 


GROUP 

NUMBBE.& 

DAILY FEEDING TREATMENT 

i 

AVERAGE 

AGE 

AVERAGE 

WEIGHT 

DATES OF 
RESPIRATION 
MEASUREMENTS 

1 

5 gm. basal diet 

days 

56 

gm. 

107 

March 10-11 

2 

5 gm. basal diet + 3 gm. beef 
muscle protein 

45 

100 

March 3-7 

3 

5 gm. basal diet 4- 3 gm. dextrin 

46 

100 

Feb. 28-March 4 

4 

5 gm. basal diet 4- 1-24 gm. lard 

49 1 

101 

March 3-7 

5 

5 gm. basal diet 4- 1-6 gm. mixture, 
b.m.p., d. and 1. 

45 

100 

March 2-5 

6 

9 gm. basal diet 

99 

238 

April 22-28 

7 

9 gm. basal diet + 3 gm. beef 
muscle protein 

87 

240 

April 12-25 

8 

9 gm. basal diet 4“ 3 gm. dextrin 

91 

240 

April 18-21 

9 

9 gm. basal diet 4- 1*24 gm. lard 

92 

240 

April 16-26 

10 

9 gm. basal diet 4- 1*0 gm. mixture, 
b.m.p., d. and 1. 

92 

1 

242 ! 

April 16-22 


TABLE 2 


Utilisation of nitrogen. ’Experiment I 


GROUP 

NUMBERS 

TREATMENTS 

DAILY 

NITROGEN 

INTAKE 

NITROGEN 

DIGESTED 

NITROGEN 
OF URINE 

NITROGEN 

RETENTION 

1 

Basal diet 

mg. 

119 

% 

86.6 

% 

76.5 

% 

10.1 

2 

Basal diet 4- beef muscle protein 

544 

92.3 

77.0 

15.3 

3 

Basal diet 4- dextrin 

124 

85.5 

27.4 

58.1 

4 

Basal diet 4- lard 

119 

S4.9 

26.9 

58.0 

5 

Basal diet + mixture, b.m,p., 
d. and 1. 

166 

87.3 

34.3 

53.0 

6 

Basal diet 

213 

82.2 

70.9 

11.3 

7 

Basal diet 4- beef muscle protein 

654 


73.1 

17.0 

8 

Basal diet 4* dextrin 

211 

78.2 

47.4 

30.8 

9 

Basal diet 4" la'Td 

223 

81.6 

49.3 

32.3 

10 

Basal diet -|- mixture, b.m.p., 
d. and 1. 

255 

82.4 

1 

55.7 

26.7 
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In experiment II the fasting heat production was deter- 
mined for the younger rats at an average age of 67 days, 
and an average weight of 91 gm., on July 12th to 13th, this 
value corrected to the basis of 100 gm. live weight being 
10.77 ± 0.22 kilo calories ; and the same value was determined 
for the older rats at an average age of 93 days, and average 
weight of 229 gm. on August 4th to 11th, this value corrected 
to the basis of 240 gm. being 20.44 ± 0.18 kilo calories. 

The quantities of the basal diets given were adequate for 
maintenance, and the supplements were fed superimposed upon 
these basal diets. 

The quantities of the supplements given (3 gm. each of 
beef muscle protein and dextrin, 1.24 gm. of lard and 1.6 gm. 
of a mixture of the three) were such as contained approxi- 
mately equal amounts of metabolizable energy; and the mix- 
ture of 62.5% lard and 18.75% each of dextrin and beef muscle 
protein supplied fat, carbohydrate and protein in the ap- 
proximate proportions in which they are katabolized during 
fast. 


DISCUSSION OP RESULTS 

The data with reference to nitrogen utilization in tables 2 
.and 6 show that in both experiments and with both weight.s 
of rats, the diets supplemented by beef muscle protein, and 
therefore containing the maximum amounts of protein, were 
characterized by the maximum digestibility of their protein. 
These same diets led to the maximum percentage elimination 
of the dietary nitrogen in the urine; and among the supple- 
ments, the beef muscle protein led to the lowest percentage 
nitrogen utilization with both weights of rats in both ex- 
periments. 

These observations are to be explained primarily by the 
excessive intake of protein by the rats which received the 
beef muscle preparation. 

The digestibility of the protein of the basal diets and of 
the diets containing the non-nitrogenous supplements was 
naturally of the same general degree, and the digestibility of 
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TABLE 3 


Metabolisable energy of diets and of supplements* Experiment I 


GROUP 

NUMBERS 

TBEAPMENTS 

UAILT 

ENERGY 

INTAKE 

ENERGY 
OF EEOES 

ENERGY 
OP URINE 

METABOiaZABlR 

ENERGY 

Total 

Of supple- 
ment 



Oal. 

% 


% 

% 

1 

Basal diet 

21.89 

9.7 

4.0 

86.3 


2 

Basal diet + beef muscle 







protein 

37.44 

8.1 

9.7 

82.2 

76.4 

3 

Basal diet + dextrin 

33.31 

6.5 

2.7 


99.2 

4 

Basal diet + lard 

33.52 

7*2 

2.7 


97.2 

5 

Basal diet + mixture, b.m.p., 







d. and 1. 

30.04 

6.6 

3.7 

1 89.7 

95.7 

6 

Basal diet 

39.39 

10.9 

3.1 



7 

Basal diet -f- beef muscle 







protein 

54.50 

9.3 

8.1 

82.6 

73.9 

8 

Basal diet -f dextrin 

50.70 

9.6 

2.7 

87.7 

93.7 

9 

Basal diet + lard 

51.40 

10.0 

3.3 

86.7 


10 

Basal diet + mixture, b.m.p., 







d. and 1. 

51.61 ! 

9.4 

3.7 

86.9 



TABLE 4 


Daily heat production^ dynamic effect and net energy* Experiment I 


GROUP 

NUMBERS 

TREATMENTS 

UAILY HEAT 
PRODUCTION 

DYNAMIC 

effects op 

SUPPIjB- 

MENT3 

NET ENERGY OP 
SUPPIiBMBNTS' 

1 

Basal diet 

oa. 

13.05 ± 0.04' 

% metabo- 
lizal?le 

% metaho- 
lizdble 

Cat. per 
gram 

2 

Basal diet + beef muscle 






protein 

21.37 ± 0.14' 

70.1 

29.9 

1.19 

3 

Basal diet + dextrin 

19.22 ± 0.2r 

54.5 

45.5 

1.72 

4 

Basal diet + lard 

16.19 ± 0.15' 

27.8 

72.2 

6.59 

5 

Basal diet -|- mixture. 






b.m.p., d. and 1. 

17.63 ± 0.16' 

39.4 

60.6 

4.41 

6 

Basal diet 

23.34 ± 0.21“ 


1 


7 

Basal diet + beef muscle 






protein 

30.37 ± 0.15“ 

62.9 

37.1 

1.38 

8 

Basal diet + dextrin 

27.97 ± 0.12“ 

43.7 

56.3 

1.99 

9 

Basal diet + lard 

26.50 ± 0.17“ 

29.6 

70.4 

6.06 

10 i 

Basal diet + mixture, 






b.m.p., d. and 1. 

26.62 ± 0.19“ 

29.8 

70.2 

4.83 


‘ Corrected to standard weight of 100 gm. 
* Corrected to standard weight of 240 gm. 
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the protein of the diets containing the mixture of the supple- 
ments (one of them, beef protein) was slightly higher than 
that of the diets containing no beef protein. 

The percentage retention of the dietary nitrogen was high 
in the periods in which the nitrogen intake was relatively low 
and the intake of non-nitrogenous nutriment relatively high, 
that is, in periods 3, 4, 5, 8, 9 and 10, in which the dextrin 
or the lard, or the two together, tended to spare the protein 
of the basal diet from katabolism for energy production. 


TABLE 5 

Schedule of experimentaiion, Experiment II 


GROUP 

NVMBRRS 

DAILY FEEDING TREATMENT 

AVERAGE 

AGE 

AVERAGE 

WEIGHT 

DATES OF 
RESPIRATION 
MEASUREMENTS 


* 

days 

gm. 


1 

5 gzn. basal diet 

54 

96 

June 29-30 

2 

5 gm. basal diet + 3 gm. beef muscle 





protein 

44 

100 

J une 20-28 

3 

5 gm. basal diet + 3 gm. dextrine 

48 

101 

J une 22-25 

4 

5 gm. basal diet + 1.24 gm. lard 

48 

101 

June 21-27 

5 

5 gm. basal diet 4“ 1»6 gm. mixture, 





b.m.p., d. and 1. 

50 

100 

June 22-28 

6 

9 gm. basal diet 

79 

235 

July 21-28 

7 

9 gm. basal diet + 3 gm. beef muscle 





protein 

82 

241 

July 25-Aug. 3 

8 

9 gm. basal diet + 3 gm. dextrin 

81 

240 

July 22-Aug. 3 

9 

9 gm. basal diet + 1.24 gm. lard 

85 

241 

July 26-Aug. 9 

10 

9gm. basal diet 4~ 1.6 gm. mixture, 





b.m.p., d. and 1, 

83 

242 

July 25-Aug. 9 


The data representing the metabolizable energy of the diets 
and of the supplements comprise tables 3 and 7. 

The values for urinary energy, as given, are as corrected 
for nitrogen retention, that is, as though the subjects had 
been in nitrogen equilibrium. This is for the purpose of 
recognizing that a portion of the body increase of protein is 
non-metabolizable in the sense that it cannot be transformed 
into heat but, in the event that the stored substance is katabo- 
lized, is eliminated in the urine in compounds containing 
potential energy. 
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The notable points in relation to the metabolizable energy 
of the diets are 1) the relative constancy of the percentage 
of the food energy appearing in the feces, 2) the relatively high 
percentage of the food energy appearing in the urine in 
those periods in which the basal ration was supplemented 
with the beef muscle protein, 3) the relatively low metaboliza- 
bility of the food energy in the same periods (2 and 7), and 
4) among the supplements, the relatively low metabolizability 
of the energy of the beef muscle protein preparation. 


TABLE 6 

Vtilization of nitrogen. Experiment II 


QBOtrP 

NUMBERS 

TREATMENTS 

DAILY 

NITROGEN 

INTAKE 

NITROGEN 

DIGESTED 

NITROGEN ' 
OF URINE 

NITROGEN 

retention 



•mg. 

% 

% 

% 

1 

Basal diet 

128 

85.2 

76.6 1 

8.6 

2 

Basal diet + beef muscle protein 

532 

92.1 

77.3 

14.8 

3 

Basal diet + dextrin 

125 

85.6 

38.4 

47.2 

4 

Basal diet + lard 

128 

85.9 

35.9 

50.0 

5 

Basal diet + mixture, b,m.p., 






d. and 1. 

167 

87.4 

49.1 

38.3 

6 

Basal diet 

230 ! 

83.0 

62.2 

20.8 

7 

Basal diet + beef muscle protein 

632 

89.1 

67.7 

21.4 

8 

Basal diet + dextrin 

226 

81.0 

39.8 

41.2 

9 

Basal diet + lard 

226 

80.1 

43.8 

36.3 

10 

Basal diet + mixture, b.m.p., 






d. and 1. 

273 

83.2 

52.8 

30.4 


The main results of the experiments, the heat production 
from the diets, and the dynamic effects and net energy values 
of the supplements, comprise tables 4 and 8. 

In seven instances among the total of eight, the dynamic 
effects of the supplements were higher for the 100-gm. rats 
than for the 240-gm. rats. 

In both experiments and with both weights of rats, the 
dynamic effects of the individual supplements were in the 
same order — protein highest, carbohydrate intermediate and 
fat lowest. 
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TABLE 7 


Metabolisable energy of diets and supplements, Experiment II 


GROUP 

IfUMBBSS 

treatments 

UAIIiY 
ENERGY ; 
INTAKE 

ENERGY 
OF FECES 

ENERGY 
OP URINE 

METABOniZABLE 

ENERGY 

Total 

Of supple* 
ment 



Cal. 

% 

% 

% 

% 

1 

Basal diet 

22.07 

8.8 j 

3.5 

87.7 


2 

Basal diet + beef muscle 







protein 

36.47 

7.9 

9.8 

82.3 

74,0 

3 

Basal diet + dextrin 

33.41 

6.6 

2.6 

90.8 ! 

96.9 

4 

Basal diet + lard 

33.63 

6.7 

2.5 

90.8 

96.9 

5 

Basal diet + mixture, b.m.p., 




1 



d. and 1. 

33.79 

6.9 

3.4 

89.7 : 

93.4 

6 

Basal diet 

39.73 

10.7 

4.4 

84.9 


7 

Basal diet + beef muscle 







protein 

54.34 

9.3 

8.0 

82.7 

76.4 

8 

Basal diet + dextrin 

50.74 

9.3 

3.4 

87.3 

95.6 

9 

Basal diet -f* lard 

51.01 

9.8 

3.4 

86.8 

93.4 

10 

Basal diet + mixture, b.m.p., 







d. and 1. 

51.57 

9.2 

3.8 

87.0 

93.8 


TABLE 8 


Daily heat produotion, dynamic effect and net energy. Experiment II 


GROUP 

NUMBERS 

TREATMENTS 

DAILY HEAT 
PRODUCTION 

DYNAMIC 
EFFECT OF 
SUPPLE- 
MENTS 

NET ENERGY OF 
SUPLEMBiNTS 

1 

2 

Basal diet 

Basal diet + beef muscle j 
protein 

Cal. 

13.27 ± 0.14^ 

20.21 ± 0.23‘ 

% metabo- 
Hzable 

65.0 

% metabo- 
Uzable 

35.0 

OaH. per 
ffram 

1.24 

3 

Basal diet + dextrin 

17.81 ± 0.18' 

41.3 

58.7 

2,15 

4 

Basal diet + lard 

16.59 ± 0,14' 

29.9 

70,1 

6.28 

5 

Basal diet + mixture, 
b.m.p., d. and 1. 

16.40 ± 0.06' 

28.6 

71.4 

4.89 

6 

Basal diet 

25.53 ± 0.40* 




7 

Basal diet + beef muscle 
protein 

31.16 ± 0,17* 

50.4 

49.6 

1.85 

8 

Basal diet + dextrin 

29.32 ± 0.13* 

36.0 1 

64.0 

2.25 

9 

Basal diet + lard 

28.49 ± 0.48* 

28.0 

72.0 

6.12 

10 

Basal diet + mixture, 
b.m.p., d. and 1. 

28.53 ± 0.18* 

26.9 

73.1 

5.07 


^ Corrected to standard weight of 100 gm. 
“ Corrected to standard weight of 240 gm. 



DYNAMIC EYPEOTS AND NET ENEKGY VALUES 


69 


In the four comparisons provided by the two experiments, 
and the two weights of rats, the dynamic effect of the mixed 
supplement was in each case much lower than could have 
been computed from the individual values as determined for 
the protein, carbohydrate and fat of which the supplement 
was composed; and in three comparisons among the four the 
dynamic effect of the mixed supplement was either as low as 
or lower than the dynamic effect of the lard, which was 
in aU cases lower than that of the carbohydrate or of the 
protein. 

There is, therefore, a nutritive supplementation of the 
three main classes of nutrient compounds in combination 
which profoundly influences their dynamic effects. 

In other words, the dynamic effects of individual nutrients 
are not significant with respect to combined nutrients, as in 
all nutritive practice, though popular impression is to the 
contrary. If such values are not to mislead they must be 
used in a critically guarded manner, for they have no general 
nutritive significance. 

The net energy of the beef muscle protein is the lowest 
because of its low metabolizability and high heat increment ; 
dextrin has a higher net energy value than has beef muscle 
protein, while the value for lard is much higher still. 

As the evidence stands — ^the net energy values for the beef 
muscle protein and the dextrin were higher, and the value for 
the lard was lower, for the older than for the younger rats. 

SUMMARY 

The dynamic effects and net energy values of beef muscle 
protein, dextrin and lard were determined, separately and in 
combination, by feeding superimposed upon an approximately 
complete basal diet. 

The subjects were growing, male, albino rats, and heat was 
measured by the open-circuit Haldane procedure. 

The point of view of the experimenters is that even though 
a nutrient is fed alone it is never utilized alone, and that the 
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combination in which it is metabolized largely determines its 
dynamic and net energy values. 

Among the individual supplements the dynamic effect of 
the beef muscle protein was the highest, that of dextrin was 
intermediate, and that of lard the lowest ; while the dynamic 
effect of a mixture of the three nutrients was in all cases 
much lower than would be a value computed from the indi- 
vidual measurements for the three components. Dynamic 
effects as determined for individual nutrients, therefore, are 
not significant with reference to combined nutrients. 

In seven instances among eight the dynamic effects were 
higher for the 100-gm. than for the 240-gm. rats. 

The net energy of the beef muscle protein was the lowest 
because of its low metabolizability and high heat increment ; 
dextrin has a higher net energy value than has beef muscle 
protein, while the value for lard is much higher still. 
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THE VITAMIN D EEQUIEEMENT OF 
YOUNG TUEKEYS 
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Biological Laboratories of the F. F. Booth Co,, Berheley, California 

TWO FIGTJEES 

(Received for publication February 20, 1939) 

INTRODITCTIOl^ 

It was observed by Scott, Hughes and Loy (’32) that the 
vitamin D requirement of young turkeys was higher than that 
of chicks. Baird and Greene (’35) reported that chicks re- 
quired 18 U.S.P. units of vitamin D per 100 gm, of diet and 
turkeys required 60 to 70 units. The experimental period 
lasted 12 weeks, and the data indicated that the requirement 
of turkeys for vitamin D expressed in units per 100 gm. of 
diet, was greater for the first 4 weeks of their lives than for 
the ensuing 8 weeks. Baird and Greene found that turkeys 
receiving 0.35% of fortified cod liver oil in the diet had an 
average tibial ash content of 43.9% at 4 weeks. Higher 
levels of the oil, which contained 250 units (U.S.P. X, revised 
1934) of vitamin D per gram, were not fed. 

Eecently the A.O.A.C. chick unit (Association of Official 
Agricultural Chemists, ‘Methods of Analysis,’ 1935, p. 351) has 
come into wide use in testing sources of vitamin D used in 
poultry feeding. The present investigation was initiated with 
the intention of finding the vitamin D requirement of young 
turkeys in terms of A.O.A.C. chick units. 
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EXPERIMENTAL 

A. Experiments with turkeys 

In a preliminary experiment, a group of turkeys was kept for 
4 weeks on a diet to wMck no vitamin D was added. At the 
end of the experimental period the average tibial ash content 
was found to be 29.2%. A second group received a supple- 
ment of 0.3 gm. of a fish oil blend stated to supply 400 A.O.A.C. 
chick units of vitamin D per gram, to 100 gm. of diet. The 
tibial ash content of this group was 48.0%. It seemed from 
these results that Baird and Greene (’35) might not have 
reached the level of vitamin D necessary for maximal calcifi- 
cation. 

In the next experiment, the following basal diet was used 
for turkeys (diet PD): ground yellow corn, 25%; ground 
barley, 25; ground wheat 7; wheat bran, 15; sardine meal, 
fat extracted, 17.5; dried skim milk, 5; dehydrated alfalfa 
meal, 7.5; ground limestone, 1.5; steamed bonemeal, 1; and 
salt, 0.5. It contained approximately 23% of protein, 2.0% 
of calcium, and 1.0% of phosphorus. Except for the omis- 
sion of the vitamin D supplement, the diet was a typical turkey 
starting diet. 

Turkeys were hatched from eggs laid by the flock at the 
Poultry Division, Davis. The parent birds were kept in out- 
side yards and were not housed; their diet consisted of ap- 
proximately equal parts of whole grains and a mash con- 
taining 0.5% of sardine oil. The sardine oil was stated to 
contain a minimum of 100 A.O.A.C. chick units of vitamin 
D per gram. Undoubtedly the parent birds received a large ’ 
additional supply of vitamin D from direct sunlight. Turkey 
poults were removed from the incubator on the day after 
hatching and fed the experimental diets imniediately. The 
birds were kept in electrically heated, battery brooders with 
wire floors in a room from which daylight was excluded. From 
eleven to twenty birds were used in a group. Several varieties 
and crosses were used with the Bronze variety predominating. 
The birds were weighed at hatching and weekly thereafter. 
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They were killed on the twenty-eighth day, and the tibiae 
were removed, cleaned and placed in 95% ethanol. The bones 
were then extracted in a Soxhlet apparatus for 24 hours 
with anhydrous isopropanol; then they were turned end for 
end in the extractors and the extraction continued for a further 
24 hours. Following this, the bones were extracted with iso- 
propyl ether for 30 hours and were similarly reversed halfway 
through the ether extraction. The extracted bones were placed 
individually in tared Sillimanite crucibles, dried at 110° for 
24 hours and weighed. Drjdng was repeated for 36 hours, 
following which the crucibles were reweighed. The crucibles 
were then placed in a cold electric muffle furnace, the tempera- 
ture of which was raised to 750° during a period of 1 hour. 
This temperature was maintained for 2 hours, and the weights 
of the residues from the combustion were used to calculate 
the percentage of ash. 

Sources of vitamin D were diluted with cottonseed oil ^ and 
mixed with the diets so that oil was added to all diets at the 
rate of 2 gm. to 98 gm. of diet. Eeference cod liver oil, control 
1-38-D containing 95 U.S.P. XI vitamin D units in 1 gm. of 
the oil, was purchased from the Board of Trustees of the 
IJnited States Pharmacopeial Convention. The A.O.A.C. chick 
unit, by definition, is the potency of one unit of U.S.P. reference 
cod liver oil measured with chicks. Hence the use of this oil 
should enable .a direct determination of the vitamin D re- 
quirement of turkeys in terms of A.O.A.C. chick units. The 
other oil used in the investigation was a fish oil blend ® con- 
sisting of sardine oil fortified in vitamins A and D from the 
untreated liver oils of various fish to a potency of approxi- 
mately 400 A.O.A.C. chick units of vitamin D and 3000 U.S.P. 
units of vitamin A per gram. It will be referred to as ‘fish 
oil 1.’ 

In the first experiment eight groups of poults were used. 
Group 1 received basal diet PD without supplementation with 

^ ^Wesson oil.^ 

“‘Sardilene 400/ 
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vitamin D. The other groups received supplements as shown 
in table 1. 

It was expected that the diet received by group 6 would pro- 
vide sufficient vitamin D for maximal calcification, and when 
the experiment was planned, groups 7 and 8 were included 
merely as ‘positive control’ groups. However, the results 
made it evident that 100 units of vitamin D added in the form 
of reference cod liver oil per 100 gm. of diet were far from 
sufficient for maximal growth and calcification. Three-tenths 
per cent of fish oil 1 was also insufficient, since growth and 
calcification were significantly greater when 0.5 was used. 
In figure 1 the calculated straight line of best fit has been 
plotted for the bone ash of groups 1 to 6 by use of the method 
of least squares. When this line is extrapolated, a value of 
46.8% bone ash, corresponding to group 7, gives a vitamin D 
value of 189 ‘units’ per 100 gm. of diet, corresponding to 
630 ‘units’ per gram of fish oil 1. The ‘unit’ obtained by 
this extrapolation is based on a comparison of IJ.S.P. reference 
cod liver oil with a source of vitanain D of unknown potency 
using the turkey as a test animal. Such a ‘unit’ may be 
referred to for convenience as a ‘turkey unit,’ and is an 
expression of the response obtained in turkeys from 1 U.S.P. 
unit of reference cod liver oil. The straight line extrapola- 
tion is not necessarily justifiable, since Massengale and Bills 
(’36) demonstrated that the response curve for chicks had a 
progressively diminishing slope and varied in shape with the 
source of vitamin D. If the response curve for turkeys 
diminished in slope in the region beyond the points corre- 
sponding to groups 1 to 6, an even higher value would be 
obtained for the vitamin D content of diet 7. 

Curve A, figure 1, indicates that unit increase in calcification 
in chicks in the experiments of Massengale and Bills (’36) 
was produced by one-tenth of the increase in vitamin D 
unitage required to produce unit increase of calcification in 
turkeys in the present investigation. This statement applies 
only to a range of values in the lower and linear region of the 
response curve. 



Summarised results of first experiment with turlceys, hatched May 10, 1938 showing the relation of hody weight, tihial weight and 
tibial ash to level of vitamin B in the diet. The birds were sacrificed at an age of 4 weelcs 
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In the second experiment, levels of 0.05, 0.1 and 0.2% of 
fish oil 1 were selected to be within the range covered by the 
levels of U.S.P. cod liver oil used, which were 0, 0.63 and 1.26% 
supplying respectively 0, 60 and 120 U.S.P. units of vitamin 
D per 100 gm. of diet. By this means, it was hoped to obtain 
a close evaluation of the potency of fish oil 1 as compared with 
reference cod liver oil using the turkey as a test animal. 



Pig. 1 Carve A, shown for comparison, was plotted from a short range of 
the data of Massengale and Bills ( ^36) for the femoral ash of chicks at 45 days of 
age, using a horizontal scale of one-tenth the value of the scale used for curve B, 
Curve B was plotted from the data of experiment 1 for the tibial ash of turkeys 
at 4 weeks of age. The points marked are the values obtained with TJ.S.P. 
reference cod liver oil. The calculated straight line of best fit was plotted for 
these points and was extrapolated as a dotted line to the point shown by a circle, 
which corresponds to the bone ash value of group 7, receiving 0.3 gm. of fish 
oil 1 per 100 gm. of diet. 


Levels of 0.3 and 0.4% of fish, oil 1 were included in the 
series in order to obtain further information on the level of 
this oil required for maximal growth and calcification. The 
results are shown in table 2. G-rowth was slower in groups 15 
and 16 as compared with groups 7 and 8, probably because the 
poults in the second experiment were hatched later in the 
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season and hence grew more slowly (Asmundson and Lloyd, 
’36). 

Acute symptoms of vitamin D deficiency were observed in 
turkeys on the basal diet. At 14 days of age the birds mani- 
fested a tendency to squat. After the twenty-first day, some of 
the birds were unable to stand. Four birds in group 1 died 
during the fourth week. No birds in any of the other groups, 
including group 9, died during the fourth week. Three birds 
in group 1 had bone ash values of less than 26%. 

In order to evaluate the potency of fish oil 1, a calculated 
straight line of best fit was plotted for the bone ash values 
obtained from groups 9, 12 and 14 using the same coordinates 
as in figure 1. The bone ash percentages of groups 10, 11 
and 13 when plotted on this line gave respective values of 
34, 57 and 118 ‘turkey units’ of vitamin D per 100 gm. of 
diet. These values correspond to 680, 570 and 590 ; mean 613 ± 
48 ‘turkey units’ of vitamin D per gram of fish oil 1. The 
first experiment had indicated roughly that fish oil 1 contained 
about 630 ‘turkey units’ of vitamin I) per gram. The values 
obtained in both experiments with turkeys indicated that fish 
oil 1 had an unexpectedly high vitanain D content, in view of 
the fact that the oil supposedly contained about 400 chick 
units per gram. It hence was thought desirable to test fish oil 1 
with chicks in order to find the number of chick units of 
vitamin D per gram. 

J?. Evaluation of fish oil 1 with chicks 

Single-comb White Leghorn chicks were used. In experi- 
ment 3 the chicks were hatched from eggs obtained from the 
University flock at Berkeley. The parent birds received a 
diet consisting of approximately equal parts of whole grains 
and a mash containing 0.3% of a fish oil stated to contain a 
minimum of 400 A.O.A.C. chick units of vitamin D per gram. 
The parent birds also had access to yards giving them contact 
with direct sunlight. The other experimental details were as 
described for turkeys. Diet PD was used as the basal chick 
diet. The results are summarized in table 3. 



VITAMIKT D ITEED OP TOXTITG TXTEKEYS 


79 


The comparatively high level of bone ash in group 17 receiv- 
ing basal diet PD indicates that the diet did not produce acute 
rickets in chicks in contrast to the results with turkeys. The 
values obtained for body weight and tibial ash do not show 
the consistent trends obtained with turkeys. For evaluation of 
;fish oil 1, the same procedure was used as in experiment 2, a 
straight line of best fit being plotted from the bone ash 
values obtained from groups 17, 18, 19 and 20. The bone ash 
percentages of groups 22, 23 and 24 when plotted on this line 
gave respective values of 6.1, 13.1 and 12.7 chick units of 

TABLE 3 

Comparison of vitamin D potency of 17,S.P. reference cod liver oil with fish oil 1, 
mmg chicks as test animals and diet PD as "basal diet 


Group 

Supplement to 100 gm 
of basal diet 


Number of birds Average body Average cbsh 
at 4 weeks weight at of t^iae 





Males 

Females 

4 weeks 



gm. 

Oil 

Units of 
vitamin D 


gm. 

% 

17 

None 


0 

5 

7 

168 

39.9 

18 

0.105 

CfLO^ 

10 

7 

5 

178 

42.8 

19 

0.157 

CLO 

15 

4 

7 

165 

44.9 

20 

0.210 

CLO 

20 

8 

4 

184 

44.5 

21 

0.262 

CLO 

25 

5 

6 

181 

46.1 

22 

0.0125 

Pish oil 1 


6 

4 

195 

41.8 

23 

0.0250 

Fish oil 1 


6 

6 

167 

43.5 

24 

0.0375 

Pish oil 1 


3 

9 

169 

43.4 

25 

0.0500 

Fish oil 1 


6 

6 

178 

46.3 

26 

0.1000 

Pish oil 1 


6 

5 

186 

48.1 


a OLO = U.S.P. reference cod liver oil. 


vitamin D per 100 gm. of diet. These values correspond to 
488, 524 and 339 ; mean 450 ±: 80 units of vitamin D per gram 
of fish oil 1. Q-roups 21, 25 and 26 were omitted from the calcu- 
lation because the bone ash values were in the upper and 
non-linear region of the response curve (Massengale and 
Bills, ’36). The sex ratios of the groups in experiment 3 
fell within the limits shown by Massengale and Bills (’36) 
to be inconsequential with respect to sex error of bone ash. 

The results indicated that fish oil 1 contained fewer ‘chick 
units’ than ‘turkey units’ of vitamin D per gram when 



80 


T. H. JUKES AKD T. D. SAHEOED 


measured by means of the same basal diet and reference cod 
liver oil. However, tbe results with chicks in experiment 3 
showed a wide variation, and it was hence thought advisable 
to assay fish oil 1 by means of a modified A.O.A.C. method in 
the expectation of obtaining a more accurate evaluation of 
the potency of fish oil 1 in terms of ‘chick units.’ The follow- 
ing basal diet was used; ground yellow corn, 56%; wheat 
middlings, 25 ; casein, 10 ; dried skim milk, 5 ; dried yeast, 1 ; 
bone meal, 1 ; calcium carbonate, 1 ; sodium chloride, 1. Chicks 
from a conamercial hatchery received the basal diet for 10 

TABLE 4 


Comparison of vitamin D potency of XJ.SJP, reference cod liver oil with fish oil 1 
using chicks as test animals with a modified A,0,A,C. hasal diet 


Group 

Supplement to 100 gm. 
of bmal diet 


Number of 
birds at 

SI days 

Average body 
weight at 

SI days 

Average ash 
of tibiae 


gsn. 

Oil 

Units of 
vitamin B 


gm. 

% 

27 

None 


0 

12 

195 

33.9 

28 

0.052 

GLO" 

5 

13 

193 

35.5 

29 

0.105 

CLO 

10 

14 

225 

38.5 

30 

0.157 

CLO 

15 

14 

247 

40.0 

31 

0.210 

CLO 

20 

15 

234 

44.4 

32 

0.262 

CLO 

25 

14 

245 

44.0 

33 

0.020 

Fish oil 1 


15 

226 

37.9 

34 

0.030 

Fish oil 1 


14 

225 

39.0 

35 

0.040 

Fish oil 1 


15 

223 

42.4 


* COLO = U.S.P. reference cod liver oil. 


days and then were fed the test diets for the next 21 days, 
after which they were killed and the bone ash content of the 
tibiae determined as described above. The results are sum- 
marized in table 4. For evaluation of fish oil 1, the same 
procedure was used as in experiment 3 except that the straight 
line of best fit was plotted from the bone ash values obtained 
from groups 27, 28, 29 and 30. The bone ash percentages 
of groups 33, 34 and 35 when plotted on this line gave re- 
spective values of 9.7, 12.2 and 20.2 chick units of vitamin D 
per 100 gm. of diet, corresponding to 485, 407 and 505 ; mean 
466 ± 42 units of vitamin D per gram of fish oil 1. Hence 
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experiment 4 gave a value for fish oil 1 similar to that obtained 
in experiment 3. 


DISCUSSION 

It has been demonstrated by BiUs, Massengale, Imboden 
and Hall ( ’37) and Bills, Massengale, Hickman and Gray ( ’38) 
that fish oils may contain varying mixtures of the several 
forms of vitamin D. A comparison of the efficiency of these 
various forms when made with rats is different from a com- 
parison made with chicks. This fact led Bills, Massengale, 
Imboden and Hall (’37) to speak of the ‘efficacy ratio’ of a 
fish oil as a measure of the comparative response of rats and 
chicks to 1 unit of the given fish oil, the basis of standardiza- 
tion being in each case a reference cod liver oil which was 
assigned a value of 100. The efficacy ratio (perhaps a better 
term would be ‘efficacy quotient’) of a fish oil is an expression 
of the resultant of the efficacy ratios of the various forms of 
vitamin D contained in the oil. The fact that the efficacy 
ratio of a fish oil often departs far from the value of 100 has 
led to the widespread adoption of the chick as a test animal 
for sources of vitamin D which are to be used in feeding 
chickens. The present investigation indicates the possibility 
of the existence of a difference between chicks and turkeys 
in their response to various sources of vitamin D, and sug- 
gests that inaccuracies may be caused by use of the chick test 
in evaluating sources of vitamin D to be used inf ceding turkeys. 
Fortunately the issue is not of great practical importance, 
since a margin of safety may be easily provided in rations 
fed to young turkeys, and older birds commonly receive most 
or all of their vitamin D requirement from direct sunlight. 

The possibility remains that the difference in response ob- 
served between chicks and turkeys was due to differences in 
the amount of uptake from the gut. No evidence is available on 
this point, although Klein and Bussell (’31) have shown that 
the low efficacy of irradiated ergosterol for chicks is not due 
to a poor uptake. 
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The efficacy ratio of a fish oil, determined by the rat : chick 
method, varies with the degree of calcification produced (Bills 
and co-workers, ’37). This may also be the case when chicks 
and turkeys are compared, but the data in the present investi- 
gation are not sufficiently extensive to illustrate the point. 

A straight line appeared to be the best form of curve to 
fit to the bone ash values obtained from groups 1 to 6 (fig. 1). 
This was not unexpected, since Massengale and Bills (’36) 
using chicks observed that ‘beginning at a threshold corre- 
sponding to the first definite betterment of the rieketic bone. 



Fig. 2 Besponse curve obtained by plotting tibial ash values of turkeys at 
4 weeks of age against levels of fish oil 1. Circles represent values obtained in 
experiment 1, crosses represent values obtained in experiment 2, One gram 
of fish oil 1 supplied about 620 ‘turkey units' of vitamin D when compared with 
U.8.P, reference cod liver oil, using the turkey as a test animal. The curve is the 
parabola of best fit, calculated by the method of least squares, and produced in a 
straight line beyond its point of inflexion (49.6% bone ash). The results indicate 
that maximal calcification necessitated levels of vitamin I) in the neighborhood 
of 250 ‘turkey units' per 100 gm. of diet. 

and continuing halfway toward normal bone, the relation 
of units to ash is essentially linear.” A straight line was also 
used for the evaluation of fish oil 1 in the other experiments 
because tbe points used for evaluation fell in the linear region. 
When the effect of higher levels of vitamin D on turkeys was 
examined by means of fish oil 1, a parabola (fig. 2) seemed to 
correspond well to the observed data. 
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The turkey was found to be a sensitive test animal for the 
study of vitanain D. Bone asb values extended over a range 
of from 30 to 50% when a range of vitamin D levels was 
used wbicb extended from 0 to over 200 units per 100 gm. 
of diet. Moreover, the diet was not distorted for tbe purpose 
of racbitogenesis ; indeed, tbe bone asb value of 39.9% ob- 
tained from group 17 of cbicks (table 4) on tbe turkey basal 
diet indicated that tbe diet failed to produce acute rickets in 
cbicks, wbicb further emphasizes tbe high vitamin D require- 
ment of young turkeys. Tbe favorable levels of calcium and 
phosphorus in the turkey basal diet may have accounted for 
the mild nature of tbe rickets in group 17 (compare Dols, ’36). 

An examination of tbe data in tables 1 and 2 shows that tbe 
average bone asb of the females was greater than that of tbe 
males in fifteen of tbe sixteen groups, tbe mean dijfferenee 
being 1.56 ± 0.38. This difference cannot be explained on 
tbe basis of slower growth leading to greater calcification 
because tbe average body weight of tbe females was actually 
greater than that of tbe males in five of tbe sixteen groups, 
and tbe average weight of tbe tibiae of the females was greater 
than that of tbe males in four groups. This sex difference in 
rate of calcification may have some relation to tbe observation 
of Marsden ( ’31) that male turkeys tended to develop deformed 
breast bones more readily than females. 

Tbe relation of growth of turkeys to tbe level of vitamin D 
fed was quite marked. In tbe first experiment tbe birds 
wbicb received tbe highest level of vitamin D supplementation 
weighed 93% more than tbe birds on tbe basal diet at 4 weeks. 
Intervening levels of vitamin D produced growth responses 
wbicb indicated some correlation between growth and calcifica- 
tion. 

Massengale and Bills ( ’36) regard a bone asb of between 46 
and 47% in chickens as normal under tbe conditions of their 
experiments. In the present communication, no attempt is 
made to define tbe 'normal’ level of bone asb for turkeys, 
but it may be noted that in both of tbe experiments involving 
turkeys, tbe highest body weight at 4 weeks accompanied tbe 
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highest level of calcification, which was 49.03% in the first 
experiment and 50.01% in the second. 

SUMMARY 

1. An investigation of the vitamin D requirement of young 
turkeys was made by measurement of the ash content of the 
tibiae at 4 weeks of age as influenced by various levels of 
vitamin D in the diet. 

2. Under the conditions of the expei'iment, the highest bone 
ash was in the neighborhood of 50%. 

3. U.S.P. reference cod liver oil produced unsatisfactory 
growth and calcification when added at a level of 120 units 
(U.S.P. or A.O.A.C.) per 100 gm. of diet. Higher levels were 
not fed. 

4. A linear relationship between vitamin D level and bone 
ash was observed in an experiment in which reference cod 
liver oil was added at levels ranging from 20 to 100 units per 
100 gm. of diet. 

5. Urowth rate of turkeys was markedly influenced by vita- 
min D ; in one experiment the birds receiving an ample supply 
of the vitamin weighed 93% more than the birds on the basal 
diet at 4 weeks. 

6. Satisfactory growth and calcification in complete absence 
of sunlight were produced when turkeys received 0.4 gm. of 
a fish oil blend per 100 gm. of diet. Significantly poorer calcifi- 
cation was produced when 0.3 gm. was used. The oil was 
tested with chicks and was found to supply approximately 
450 units of vitamin D per gram when the turkey basal diet 
was fed, and 466 units when a modified A.O.A.C. basal diet 
was used, based on a value of 95 units of vitamin D per gram 
for U.S.P. reference cod liver oil. 

7. The fish oil blend functioned as a source of vitamin D 
that was more effective, chick unit for chick unit, than refer- 
ence cod liver oil for turkey poults. The average turkey: 
chick efficacy ratio of the fish oil blend was about 140 (cod 
liver oil = 100). Hence the vitamin D requirement of turkeys 
could not be precisely stated in terms of A.O.A.O. chick units, 
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since the possibility of a differential species response between 
chicks and turkeys is not considered by such an expression. 
A value of 200 A.O.A.C. chick units of vitamin D per 100 gm. 
of diet may be taken as an approximation of the requirement 
of turkeys for the first 4 weeks to produce maximal calcification 
in the complete absence of sunlight. 
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THE EFFECT OF APPLE CONSTITUENTS ON THE 
RETENTION BY GROWING RATS OF LEAD 
CONTAINED IN SPRAY RESIDUES ^ 
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(Received for publication February 16, 1939) 


The value of any food material depends both upon the 
nutrients contained in it and their availability in covering 
animal requirements, and upon the physiological effect of the 
food. Under the latter heading is included the effects of the 
food material in modifying body processes: digestion, heat 
production, resistance to disease, etc. Most foods are evalu- 
ated entirely upon their content of available nutrients, but a 
few, although they may rate high according to nutrient con- 
tent, are also of value in the diet because of some specific 
physiological effect on the body. Among such foods are apple, 
banana, wheat bran, lactose, gelatin and liver. 

Although in many respects the apple is a good food on the 
basis of its nutrient content (Todhunter, ’37), it is not pre- 
eminent with respect to any one nutrient. However, the apple 
has been found to possess many remarkably favorable 
properties quite aside from its value in covering the nutri- 
tive requirements of the body. Its eflScacy in the prevention 
and treatment of diarrheal conditions and other intestinal 
disorders, particularly in infants, has been frequently demon- 
strated (Manville, Bradway and McMinis, ’37; Manville, ’38). 

^ This investigation was conducted under the supervision of a Committee on 
the Physiological Effects of Spray Chemicals, appointed by the director of the 
Agricultural Experiment Station and consisting of the following members: H. 
H. Mitchell, W. A. Ruth, W. P. Flint and Julia P. Outhouse. 


87 



88 


SHIELDS, MITCHELL AND EITTH 


This favorable action has been ascribed with mneh reason 
to the pectins contained in apple (Baumann and Forschner- 
Boke, ’34; Malyoth, ’34) ; the finding that a commercial pectin 
is much less ef&eaeious than apple powder (Frank, ’37) may be 
a result of the difference in chemical and physical properties 
of commercial pectin and the pectin of apple powder (Norris 
and Eesch, ’37). Human subjects fed apple powder contain- 
ing pectin 1 hour before receiving 200 ce. of milk inoculated 
with B. prodigiosus passed no viable bacteria of this type in 
the feces, while with the same subjects receiving inoculated 
milk but no pre-meal of apple powder, recoveries of 43 to 
94% of viable B. prodigiosus in the feces were secured 
(Bergeim, Hanszen and Arnold, ’36). In experiments on 
rabbits Sullivan and Manville (’38) showed that the addition 
of dehydrated apple to the diet definitely promoted the growth 
of acidophilic organisms in the intestines and raised the 
hydrogen-ion concentration at all levels of the intestinal tract. 
Besides these effects of apple constituents within the diges- 
tive tract, evidence has been reported that pectin contributes 
to the detoxication mechanism of the body (Manville, Brad- 
way and McMinis, ’36), apparently by providing galacturonic 
acid for conjugation, and that the oral administration of 
pectin diminishes the coagulation time of the blood (Eiesser 
and Nagel, ’35;Aragona, ’36). 

These desirable properties of the apple should commend it 
as a food in the human diet. Unfortunately it is necessary at 
the present time to market apples containing residues of acid 
lead arsenate used as an orchard spray in the control of insect 
pests. Although the permissible amounts of residual lead and 
arsenic on commercial apples are under the control of the 
Federal Food and Drug Administration in the case of inter- 
state shipment and of state agencies in a number of the states, 
the situation is not entirely a satisfactory one, and many 
attempts have been and are being made to alarm the consumer 
and to discourage the buying of apples. Even discussions of 
the question by public health authorities (Hanzlik, ’37) can 
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hardly fail to add to the disquieting effect of less responsible 
writers. 

It occurred to the authors, on the basis of the known 
properties of the apple, that possibly the constituents of this 
fruit would adsorb the lead contained on its surface or in some 
way inhibit or impede its absorption from the intestinal tract 
and thus diminish the possibility of a harmful effect. It 
seemed likely that the pectie or hemieellulosic constituents 
might have this effect, since pectie acid solutions are pre- 
cipitated by lead, calcium and barium. In fact, a quantitative 
method for the estimation of pectin by hydrolysis and pre- 
cipitation as calcium peetate in acetic acid solution has been 
proposed (Carre and Haynes, ’22), and lead salts are quite 
generally less soluble than the corresponding calcium salts. 

PLAN OP EXPEEIMENT 

The plan of the experiment involved the feeding of twelve 
trios of weanling rats for the purpose of determining the lead 
retention on three experimental diets. The first diet was a 
synthetic one, planned to be complete and to equal the apple 
powder diets in calcium and phosphorus. The second diet 
contained 32% of unsprayed-apple powder, replacing agar 
and starch in diet 1. The third diet was like the second except 
that sprayed-apple powder was used in place of the unsprayed. 
The lead content of all three diets was the same, namely, 
33 p.p.m., supplied almost entirely by the spray residue in 
diet 3 and by PbHAs 04 in diets 1 and 2. A comparison of the 
lead retention promoted by diets 1 and 2 would indicate the 
effect of apple powder ; a comparison of the retention of lead 
on diets 2 and 3 would indicate the relative assimilability of 
the lead in PbHAs 04 and in the residue from lead arsenate 
sprays. The composition of these diets is shown in table 1. 

The apple powder in diet 2 was prepared from unsprayed 
Huntsman apples, that in diet 3 from sprayed Jonathan 
apples. The whole apples including skin and core, were sliced 
in thin pieces and dried in a current of warm air not exceeding 
70 °C. in temperature. They were then placed in desiccators 
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for 48 hours over CaCla, transferred to stone Jars in cold 
storage at — 7°C. and ground to a powder at that temperature. 
The unsprayed-apple powder contained 6.28% crude fiber, 
2.36% nitrogen, 2.45% ash, 0.077% calcium, and 0.84 p.p.m. 
of lead. The sprayed-apple powder was analyzed only for 
lead and was found to contain 96.4 p.p.m. These apples had 
purposely not been washed to remove the spray residue. 

TABLE 1 


Composition of the experimental diets 


CONSTITUENTS 

DIET 1 

DIET 2 

DIET 3 


% 

% 

% 

Apple powder 

0 

32.0^ 

32.0* 

Dried extracted egg 

21.5 

21.5 

21.5 

Lard 

8.5 

8.5 

8.5 

Butter 

5 

5 

5 

Salts mixture^ 

11.5 

11.5 

11.5 

Cod liver oil* 

1 

1 

1 

Wheat germ oil 

0.5 

0.5 

0.5 

Dried yeast 

10 

10 

10 

Sucrose 

8 

8 

8 

Starch 

27.75 

2 

2 

Agar 

6.25 

0 

0 

PbHAsO* 

54 p.p.m. 

54 p.p.m. 

0 

Total 

100 

100 

100 

Lead 

33 p.p.m. 

33 p.p.m. 

33 p.p.m. 

Calcium 

0.54% 

0.51% 

0.51% 

Phosphorus 

0.63% 

0.66% 

0.66% 


modified Osborne and Mendel mixture, containing cobalt, zinc and copper 
and 76% of starch, for convenience in handling. In this mixture, all of the calcium 
and phosphorus is in the form of CaHPO*. 

® Unsprayed-apple powder. 

® Sprayed-apple powder (lead arsenate spray) . 

* Guaranteed to contain 3000 U.S.P. units of vitamin A and 400 U-S.P. units 
of vitamin D per gram. 


One rat in each trio received diet 1, a second rat diet 2 and 
the third rat diet 3. These diets were fed in equal amounts 
daily within each trio but the weights of the rats in each 
trio were kept constant by feeding sugar in concentrated 
solution to the rats growing at the slower rates. The rats 
in each trio were matched for sex, body weight and litter 
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membership. They were confined individually in special 
cages made of tin-plated wire mesh and block tin sheets held 
together by lead-free solder, and particular care was taken 
that no contact with metallic lead was possible. With nine 
trios the experiment was terminated when 1 kg. of experi- 
mental diet had been consumed. Because of a temporary in- 
sufficiency of food supply, the feeding of three of the trios 
was terminted with the consumption of 723, 650 and 750 gm. 
of experimental diet, respectively. 

At the end of the feeding periods, which varied in length 
from 89 to 173 days for the various trios, the rats were killed 
with ether, the body lengths measured from tip of nose to 
root of tail, the contents of the alimentary canal removed and 
the ‘empty weight’ determined. The carcasses were then 
washed to remove all possibility of lead contamination and 
ashed at a temperature of 500° C. preparatory to lead analysis, 
which was carried out according to the diphenylthiocarbazone 
method, using the colorimetric procedure as explained in a 
previous publication from this laboratory (Shields, Mitchell 
and Euth, ’39). 

In order to determine the retention of lead by the experi- 
mental rats during the period of feeding it was necessary to 
sacrifice a number of check rats at the beginning of the ex- 
periment for lead analysis. Nine such rats taken from the 
same litters as the experimental rats and weighing approxi- 
mately the same were used for this purpose. 

THE RESULTS OF THE EXPERIMENT 

The results of the experiment are summarized in table 2. 
It wiU be noted that results on only two rats are reported for 
trio 2. One of the rats, receiving diet 2, escaped from its 
cage before the termination of the experiment and was never 
recovered. The analyses of the nine check rats from which 
the initial lead content of the experimental rats was esti- 
mated revealed lead stores ranging from 0.026 mg. to 0.090 mg. 
and averaging 0.046 mg. Since there were no indications 
that the different litters represented in the experiment dif- 
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fered significantly in the amonnts of accumnlated lead (nor 
even that the heavier check rats contained more lead than 
the lighter), and since the cheek rats averaged practically the 
same in body weight as the experimental rats did initially, 
the initial lead content of all experimental rats was estimated 
at the same average value, 0.046 mg. 

DISCUSSION 

The growth of the rats within the various trios was equal- 
ized as far as body weight is concerned by adjusting the 
amounts of the sugar supplement given. However, since 
there were no consistent dififerences in the amounts of sugar 
required with the different diets, the numbers of food re- 
fusals or the attained body lengths, it is obvious that the 
three diets used were equally effective in promoting growth. 

The lead contents of the rats at the termination of the 
experimental feeding, as well as the estimated amounts of 
lead stored during this period, reveal interesting and signi- 
ficant similarities as well as differences. The average lead 
retentions on the three diets were 0.536 mg., 0.345 mg. and 
0.329 mg., respectively, equivalent to 1 to 1.5% of the lead 
ingested. The average difference in storage between diets 2 
and 3 containing unsprayed-apple powder and sprayed-apple 
powder, respectively, was clearly insignificant statistically, 
using Student’s method (’25) of analysis (M = 0.0160, s = 
0.0969 and P = 0.31). With such a high value of P, the proba- 
bility that random factors alone operated to produce the 
observed average difference in lead retention is far too high 
to be neglected. This comparison can be interpreted to mean 
that the lead contained in spray residue is just as readily 
absorbed and retained in the body as the lead in the original 
spray chemical, acid arsenate of lead, although weathering 
and leaching have undoubtedly hydrolyzed the arsenate to 
some extent (McDonnell and Hraham, ’17; Euth and Kadow, 
’34) ; there is the possibility also of some combination of lead 
with the constituents of apple wax (Cohee and St. John, ’34). 
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In parts of the country where only early summer sprays are 
used, a part of the lead may be in the form of lead sulfide be- 
cause of the use of lime sulfur (calcixun tetra and penta sul- 
fide and thiosulfate), together with the lead arsenate, as a 
summer fungicide. The apples used in this experiment, how- 
ever, had been sprayed with a full summer schedule of lead 
arsenate, so that the lead sulfide resulting from the use of lime 
sulfur early in the summer must have been a minor quantity, 
in comparison to the lead arsenate resulting from later sprays. 

The average differences in lead storage between the rats on 
diets 1 and 2, and diets 1 and 3 were 0.191 mg. and 0.207 mg., 
respectively. In all trios the rat on diet 1 stored more lead 
than the rats on the apple-powder diets 2 and 3. The proba- 
bilities that fortuitous factors could have accounted for such 
consistent and marked differences are so small — ^less than 
0.001 in both comparisons — ^that they may be neglected. It 
may be concluded, therefore, that the constituents of apples, 
either one or a combination of two or more, inhibit the as- 
similation of lead in the growing rat. In all probability this 
inhibition occurs within the alimentary canal and relates to 
absorption only. Under the conditions of this experiment the 
inhibition averaged 37% and for reasons stated in the intro- 
duction is probably traceable, wholly or mostly, to the pectic 
constituents.® 

Thus, the apple contains within its tissues a substance or 
substances that exerts a considerable effect on intestinal ab- 
sorbability of the lead component of the spray residue con- 
tained on its surface. Furthermore, in this experiment the 
ratio of lead to apple solids was 96 p.p.m. If the apple powder 
had been made from apples containing no more lead than the 
legal tolerance (0.025 grain per pound), the ratio of lead to 
apple solids would have been about 22 p.p.m. It seems quite 
likely that with this smaller ratio of lead to apple solids, the 
inhibiting effect of the latter on lead absorption would have 
been considerably greater than 37%. 

solTitioB of pectic acid, prepared from pectin by mild alkaline hydrolysis 
and acidified mth acetic acid, will precipitate even small amounts of lead. 
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CONCLUSIONS 

1. No evidence was obtained that the lead occurring in the 
spray residue on apples is any more or less, assimilable by the 
growing rat than the lead contained in PbHAsOi, the original 
spray chemical. 

2. There exists in the apple a substance or substances 
capable of depressing considerably the assimilability of lead. 
Under the conditions of this experiment the depression aver- 
aged 37%. Quite probably this depression in assimilability 
(retention in the body) relates to absorption from the in- 
testinal tract only, and may be brought about by the pectic 
constituents of the apple. It seems quite likely that it would 
be greater ivith apples containing a smaller proportion of 
lead to solids than the apples used in this experiment, in 
which the proportion was more than four times that permis- 
sible in interstate commerce. 

3. It would appear that feeding experiments concerned with 
the possible toxicity of lead in lead arsenate spray residues 
on fruits should involve the feeding of rations containing the 
fruit solids, unless it can be shown that the fruit itself does 
not modify the assimilability of the lead. 
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Since the anti-aerodynic vitamin (anti-dermatitis vitamin, 
vitamin Be) was differentiated from the other components of 
the vitamin B complex (Gyorgy, ’35) there has been a need 
for a survey of the anti-acrodynie potencies of various food- 
stuffs. Eecently with the isolation of the crystalline vitamin 
Be by Lepkovsky (’38), Gyorgy (’38) and Kuhn and Wendt 
( ’38 a), it has become apparent that in addition to vitamin Be 
another factor is needed by the rat for the cure of dermatitis. 
Gyorgy (’38) after determining the effect of the crystalline 
vitamin commented as follows: “Even the skin effect was not 
regularly attained unless a further supplement corresponding 
to the so-called ‘filtrate factor’ was added.” Birch (’38) 
produced dermatitis in rats which were supplied with ample 
amounts of Be but which lacked this accessory factor. In 
this laboratory acrodynia has been only temporarily relieved 
by crystalline vitamin Be;“ a severe dermatitis persisted un- 
less a ‘filtrate factor’ was fed as well. From this it is appar- 
ent that any assay of anti-aerodynic potency would be in 
error if interpreted solely as evidence of the amount of vita- 
min Be present. However, irrespective of the composite 
nature of the anti-aerodynic factor, information regarding its 

* Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 

®Dr. S. Lepkovsky kindly furnished us a sample of the crystalline vitamin, 
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distribution as determined by biological assay should be of 
value. In anticipation of a similar need, Wilson and Eoy 
(’38) have recently published a survey of the anti-dermatitis 
factor in Indian foodstuffs. 

EXPERIMENTAL 

The technic of assay was the same as that outlined by 
Quaekenbush, Platz and Steenbock (’38). Weanling rats, 
reared by mothers on a potato diet low in the anti-acrodynic 
factor, were transferred to a basal diet of the following com- 
position: cerelose (glucose) 78, casein (alcohol extracted) 18, 
Wesson salts 4. Each rat was given in addition a daily sup- 
plement of 5 micrograms calciferol and 10 micrograms 3- 
carotene in 1 drop of the liquid portion of hydrogenated 
coconut oh, plus 20 micrograms riboflavin and 10 micrograms 
thiamin hydrochloride in 1 drop of lSr/50 acetic acid. The 
only components of the B complex which were supplied by 
this diet (diet V) were riboflavin and thiamin. Acrodynia 
was produced in 4 to 5 weeks. 

When the acrodynia had developed to such a degree that 
the paws were erythemic, swollen and denuded, and the lips 
were fissured, swollen and denuded the ration was supple- 
mented with the material to be assayed. These supplements 
were fed in small glass dishes. Unless otherwise noted vege- 
tables and fruits were fed fresh, and legumes, seeds and 
cereals were fed air dried. Other materials were fed fresh 
or dried as indicated in table 1. 

When a curative effect became evident, the mouth symp- 
toms were the first to clear up, the swelling and soreness being 
reduced gradually. The forepaws healed before the hind paws 
with a disappearance of the erythema and the swelling. New 
fur started to grow on the healed areas. A scaliness usually 
persisted on the paws and tail foi‘ several weeks after the 
disappearance of the other symptoms. The supplement was 
assumed to be curative if at the end of a 3-week period the 
lips, eyes and ears were normal in appearance, and the paws 
and tail were free from all symptoms except a slight sealiness. 



TABLE 1 


The anti'acrodynie potency of foods 



MINIMUM 

OmtATIVHS 

MAXIMUM 

I’AiniNG 

UNITS 

WILSON 
A3SrD ROY 


UBVEIj 

LiEVEIj 

PER 

VALUES 

Green leafy vegetables 

(mg./dat) 

(mg./day) 

100 GM. 

(rbcalc.) 

1 . Lettuce 

4000 

1500 

25 

77 

2 . Spinacli 

1500 

1000 

66 

53 

Vegetables 

3. Tomato 

4000 

1500 

25 

42 

4. Potato (dried) 

500 

300 

200 


(cale. as fresh) 

2500 

1500 

40 

75 

5. Carrot 

4000 

1500 

25 


6 , Beet (red) 

7500 

5000 

13 


Fruits 

7. Banana 

1500 

500 

66 


8 . Orange 

6000 

5000 

16 

23 

9. Apple 

5000 

4000 

25 

57 

Legumes, seeds, cereals 

10. Alfalfa leaves 

170 

40 

600 


11 . Beans (navy) 

250 

20 

400 


12 . Peanuts 

60 

30 

1660 


13. Soybeans 

80 

60 

1250 


14. Cornmeal 

250 

200 

400 


15. Whole wheat bread 

250 

200 

400 


16. Oat meal 

300 

250 

330 


17. Flaxseed 

100 

80 

1000 


18. Rice polishings 

200 

150 

500 


19. Wheat germ 

80 

60 

1250 


Animal products 

20. Egg white (boiled, dried) 

. . . 

500 

2500 


21. Egg yolk (boiled, dried) 

40 

10 


22 . Whole milk 

2500 

... 

40 


23. Skim milk 

7000 

5000 

14 


24. Cfheese (Cheddar) 

400 

300 

250 


25. Beef muscle (raw, dried) 

800 

500 

125 


26. Beef muscle (roasted, dried) 

27. Haddock (dried) 

28. Pork liver (dried) 

800 

500 

125 


500 

150 

200 


200 

80 

500 


Fats (animcd) 

29. Beef tallow 

300 

20 

330 


30. Butter fat 

500 

200 

200 


31. Chaulmoogra oil 

. . . 

40 

. . . 


32. Cod liver oil 

... 

40 

. . . 


33. Lard 

40 


2500 


Fats {plant) 

34. Coconut oil 

200 

100 

500 


35. Coconut oil (hydrogenated) 

. . . 

200 

2500 


36. Linseed oil (comm.) 

40 

20 


37. Linseed oil (crude) 

40 

20 

2500 


38. Linseed oil (refined) 


40 

— 


39. Linseed oil (hydrogenated) 


100 

5666 


40. Peanut oil (ether ext.) 

20 

10 


41. Peanut oil (benzine ext.) 

20 

. . . 

5000 


42. Peanut oil (crude) 

40 

20 

2500 


43. Rice oil (comm.) 

40 

20 

2500 


44. Rice oil (ether ext.) 

20 

. . . 

5000 


45. Soybean oil (ether ext.) 

10 

. . . 

10000 


46. Soybean oil (ether ext.) 

15 

*40 

7500 


47. Tung oil 

... 

. . . 


48. Cottonseed oil (comm.) 

10 

5 

10000 


49. Corn oil (comm.) 

5 

3 

20000 


50, Wheat germ oil (comm.) 

4 

2 

25000 


51. Wheat germ oil (ether ext.) 
Miscellane oua 

7 


15000 



250 

200 

400 

506 
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If the amoTHit of supplement proved to be insufficient to 
effect a cure, a larger amount was fed to another rat. If a 
supplement effected a cure rapidly, progressively smaller 
amounts were fed until failure resulted. For comparison of 
the relative potencies of the materials examined a unit of 
anti-acrodynie potency was defined as the minimal daily sup- 
plement which would cure an acrodynia of moderate severity 
in 3 weeks. Wilson and Eoy ( ’38) in adopting a similar unit 
used 1 week as the period of assay. 

DISCUSSION 

Although in most eases both the minimal curative and the 
maximal failing doses are reported (table 1), assay data were 
obtained for many of the materials at levels above or below 
these limits. For purposes of comparison the assays of 
Wilson and Eoy (’38), converted into our units, have been 
included for those materials of which we had corresponding 
data. In performing this conversion it was arbitrarily as- 
sumed that an animal cured in 1 week by a certain daily por- 
tion (Wilson and Eoy unit) would be cured in 3 weeks by a 
daily dose of one-third of that portion. The agreement for 
those materials which could be compared in this manner is 
fairly satisfactory, certainly within the limits of errors of 
the assumed ‘conversion.’ 

In the interpretation of results allowance must be made 
for the possible influence of members of the vitamin B com- 
plex other than those directly involved in the cure of the 
acrodynia. In the feeding of the supplements it was noted 
that apart from the healing of symptoms varied rates of 
growth were obtained. What effect these varied rates of 
growth had on the requirements for the anti-acrodynic factor 
cannot be estimated here. The data obtained, therefore, can 
be used for comparative purposes only. 

It is apparent that cereals are richer in anti-dermatitis po- 
tency than fruits and vegetables. Meat and fish occupy an 
intermediate position. This generalization is also the con- 
clusion of Wilson and Eoy for Indian foodstuffs of similar 



AlTTI-AOEODYiriC FACTOR IN FOODS 


103 


classification. However, these materials are relatively poor 
sources of the anti-dermatitis factors when compared with 
the potencies of certain fats. Thus soybean, cottonseed, corn 
and wheat germ oils are among the most potent substances 
assayed. Wheat germ oil has a potency approximately sixty 
times that of maize. It is interesting to note that yeast is 
not a rich source of the anti-acrodynic factor as it ranked 
with the cereals in potency and was easily exceeded by many 
of the fats. It is also interesting to note that lard, which is 
a common ingredient of many experimental rations is actually 
six times as potent as yeast. 

Whether the potency of fats is to be attributed to an actual 
Bg content cannot be answered at the moment although Kuhn 
and Wendt ( ’38 h) have reported that the Bg molecule con- 
tains two alcoholic and one phenolic group which would make 
an ester form of the vitamin at least a possibility. However, 
Birch ( ’38) and Quackenbush, Platz and Steenbock ( ’38) have 
traced the potency of fats to the unsaturated fatty acid frac- 
tions. Salmon ( ’38) likewise obtained cures with certain fats 
and fatty acids. Birch suggested that the unsaturated fatty 
acid factor is necessary for a cure of dermatitis in addition 
to Be on the basis that where Bg failed to cure alone, the addi- 
tion of fat made a cure possible. 

Whatever may be the mode of action of anti-acrodynic fats 
it is true that they constitute an extraordinarily potent source 
of anti-acrodynic activity. Therefore these fats must be in- 
cluded in any survey of the anti-acrodynic potency of food- 
stuffs. 

The evaluation of these findings for human nutrition is 
impossible at the moment since the role of vitamin Bg in 
human nutrition is as yet undemonstrated. Indeed, apart 
from the rat, the only other species for which vitamin Bg has 
been indicated to be essential are the dog (Fonts, Hehnev, 
Lepkovsky and Jukes, ’38) and the pig (Chick, Macrae, Mar- 
tin and Martin, ’38). 
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SUMMARY 

Fifty-two materials have been assayed for their anti-aero- 
d3Tiio activity using the rat as the experimental animal. 
Fruits and vegetables were found to be poor sources, fish and 
meat fair, seeds, legumes and cereals relatively rich and cer- 
tain vegetable fats extremely potent sources of anti-acrodynic 
activity. 
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(Eeeeived for publication April 17, 1939) 


Mueli interest attaches to the question of the control of the 
composition of human as well as of cow’s milk. If by suitable 
feeding desirable changes can be brought about particularly 
in the vitamin content of milk obvious advantages would re- 
sult. Most of the efforts made to increase the vitamin content 
of cow’s milk by feeding the cows vitamin-rich feeds have met 
with somewhat disappointing results, either very little in- 
crease being produced as in the cases of the water soluble 
vitamins or only small transferrals of the excesses fed as in 
the cases of vitamins A and D. Physiological control of the 
levels of both vitamins Bi and C has been suggested as ex- 
plaining the limited response of the mdlk vitamin content to 
forced vitamin feeding. Gunderson and Steenbock ( ’32) ad- 
vanced this suggestion to explain lack of vitamin B increase 
in cow’s and goat’s milk following an increase in this vitamin 
in the ration and Hunt and Krauss (’31) came to the same 
conclusion after similar experiments on cows. Hess, Light, 
Frey and Gross ( ’32) administered vitamin B-rich irradiated 
yeast to cows and obtained no effect on the vitamin Bi of their 
milk. 

Less work has been done on the effect of vitamin feeding on 
human milk. McCosh, Macy and Hunscher (’31) determined 

^The authors acknowledge with gratitude the assistance of Elsie Parks, Euth 
Eichar, Doris Koch and Grace Kanzaki in the biological assays. Valuable 
assistance was also received from W.P.A. project 8877-A24 assigned to the Uni- 
versity of California. 
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the vitamin Bi content of the milk of three women before and 
during administration of 10 gm. dried yeast daily. These 
women were producing rather extraordinary amounts of milk, 
1.5 to 3 liters daily. The yeast did not affect the volume of 
milk nor was there any clear indication of an increase in its 
vitamin Bj content although some other fraction of the B com- 
plex seemed improved. Donelson and Macy ( ’34) also found 
that the administration of 10 gm. of dried yeast daily had 
no effect upon the vitamin Bi content of the mixed milk of 
women producing large volumes of milk. The milks had 
rather uniformly 0.1 ‘Sherman’ unit of vitamin B per cubic 
centimeter. The vitamin G- (probably riboflavin) of the yeast 
milk was definitely increased from 0.2 to 0.3 Sherman unit 
per cubic centimeter. Neuweiler ( ’38) gave thiamin by intra- 
venous injection and by mouth to three lactating women and 
produced temporary increases in the vitamin Bi of their milk. 
He used the thiochrome method of assay and found in this 
way 5 to 13 pg. per 100 ml. in human milk and 21 to 57 pg. per 
100 ml. in cow’s milk. 

Two young women, one in the early and the other in a later 
phase of lactation agreed to act as subjects for this experi- 
ment. Subject A made a weighed record of her food intake 
during the first month of the study and both she and subject B 
kept a careful diary in terms of measures of all food eaten 
throughout the experiment. The probable vitamin Bi content 
of these food intakes was estimated using the best available 
compilations of assays (Williams and Spies, ’38). The quan- 
tity of milk produced was estimated in the case of subject A 
by weighing the infant before and after each nursing but this 
record was not made regularly by subject B. Both infants 
were healthy and growing normally at all times and both 
mothers remained well and made no change in body weight. 

Subject B had for several years been troubled with a mucous 
colitis and had consequently taken a smooth diet which was 
probably rather low in vitamin Bi. Subject A on the other 
hand was a student of nutrition and since she was particularly 
conscious of possible vitamin Bi deficiencies in her diet had 
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taken pains to include therein -whole cereals, wheat germ and 
yeast during both her pregnancy and lactation. 

A sample of breast milk was obtained once a day by the 
subjects using a hand pump and these samples were brought 
at once to the laboratory where they were kept frozen solid 
until they were used. 

The method of assay was that of rat growth after prelimi- 
nary depletion. Autoclaved yeast was used as source of the 
B 2 complex. Crystalline thiamin chloride or the International 
clay adsorbate or both were used as standards fed parallel 

TABLE 1 


Vitamin of the diet and hnnan milk production 


SUBJECT 

PERIOD 

MONTH 
OP lAO* 
TATIO'N 

SUPPLE- 

MENT 

THIAMIN 

CHLORIDE 

VITAMIN Bl IN 
THE DAILY DIET 

VITAMIN 
Bl IN THE 
MILK 

TOTAL MILK 
PRODUCED 

GAIN IN 
WEIGHT 
OP INPANT 

Mg. per 
day 

Micro- 

grams 

thiamin 

Int. 

units 

Micro- 
grams 
per 100 ml. 

Liters per day 

Ounces 
per week 

A 

1 

BI 


1650 


32 

0.84 

3.2 


2 



1150 

385 


0.54 

4.8 


3 

7tli 

10 

1250 

418 



4.0 

B 

1 

3rd 

None 


350 

11 


4.0 


2 

4th 

5 

1140 

380 

20 


4.8 


3 

5tli 

14.2 


355 

25 




with the milk to groups of litter mate rats. The period of 
assay was 28 days, and the breast milk samples were fed 
■within a day or two of the date of collection. Eaw and pas- 
teurized market cow’s milk was also fed in several cases as a 
further test of the reliability of the assays. 

The periods used are indicated in table 1. The decreasing 
milk production recorded for subject A was due to the gradual 
weaning of the infant. No actual measurement of milk vol- 
ume was made for subject B, but the amount obtained by the 
infant was apparently adequate since the weight increments 
were satisfactory and no supplements were necessary. 
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After tlie first montli in each case supplements of 5 mg. daily 
crystalline thiamin chloride ^ were ingested by the subjects 
and a new assay of the milk carried out. A third period of 
1 month followed during which still larger supplements of the 


QIABLE 2 

The assay for vitamin Bx of human milh as affected hy thiamin Monde intalce 


ASSAV 

SUB- 

JECT 

DAILV 
SUPPLB- 
MBN-T OP 
THIAMIN 
OHIOBIDE 

AMOUNT 
OP MILK 
PED PBB 
BAT PEB 
BAV 

STAND AED 
GBOUP 

NUM- 
BEB OP 
BATS 

GAIN 
IN 4 
WEEKS 

VITAMIN Bx 
PEB 100 GM. 



mo. 

ml. 



gm. 

lig. 

I.U.i 

1 

A 

None 

7.7 


4 

28 

32 

13 

Dec. 22, 




Thiamin chloride, 





1937 to 




2.2 /tg. 

8 

25 



Jan. 19, 




2.5 /4g. 

8 

28 



1938 




Intern, stand.. 









10 mg. 

9 

27 






8.5 

Cow’s milk, raw 

7 

26 

27 

11 

2 

A 

5 

6.0 


4 

4 



Feb. 5 

B 

None 

10.0 


4 

13 

12 

5 

to Mar. 




Intern, stand., 





5,1938 i 









j 

1 




10 mg. 

6 




! 



8.4 

Cow’s milk. 










pasteurized 

4 

19 

20 

9 

3 

A 

10 

8.4 


7 

26 

25 

11 

Feb. 25, 




Thiamin chloride, 





to Mar, 




3.0 fig. 

5 

38 



25, 1938 



8.4 

Cow’s milk, 






1 



pasteurized 

4 

35 

32 

1 13 


B 

5 

8.5 


8 

22 

20 

1 9 





Yeast, 80 mg. 

1 4 

52 

5000 

2160 

4 









Apr. 23 

B 

14.2 

8.5 


8 

19 

25 

11 

to May 




Intern, stand., 





21, 1938 




10 mg. 

4 

20 




* lu assays 1 and 3 both iuterxLatloiial standard and pure thiamin chloride were 
used as standards of comparison. In assays 2 and 4^ only the international 
standard was used but the conversion factor was taken as 2.3 instead of 3 be- 
cause this was the ratio found in the other two assays, 

*The thiamin chloride under the name of Betaxin was supplied through the 
generosity of the Medical Eeseareh Department of the Winthrop Chemical 
Company. 
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thiamin chloride were taken. The details of the biological 
assays are given in table 2. 

It will be noted that the milk produced by subject A during 
the first period was of high Bi potency, slightly better than 
that of the raw cow’s milk fed during the same assay. This 
was evidently a peak period of production for this subject. 

Typical menus for 2 days taken by this subject during the 
first period are given here because of the interest attached 
to the food intake on which such a high vitamin Bi-containing 
milk was produced : 


PIEST DAY : SPOON’D DAY : 


Breakfast 

02. 

Breakfast 

oz. 

Grapefruit 

25 

Orange juice 

4i 

Skim milk 

9i 

Skim milk 

7i 

Whole milk 

2i 

Top milk 

2i 

Wheat germ cereal 

3i 

Whole wheat bread 

If 

Baisin bread 

li 

Wheat germ cereal 

li 

Sugar 

1 

Jam 

i 

Evening lunch 

oz. 

Evening lunch 

OZ. 

Mlk 

16 

Skim milk 

9 

Egg 

2 

Cookie 

i 

Orange 


Dates 

1 

Whole -v^heat bread 

IJ 

Candy 

1 

Peanut butter 

1 



Sugar 

i 



Luncheon 

oz. 

Luncheon 

oz. 

Cheese 

i 

Egg 

2i 

String beans 

li 

Orange 

2i 

Lettuce 

1 

Skim milk 

9 

Apple 

21 

Cottage cheese 

1 

Whole milk 

9 

Wheat bread 

If 

Biscuit 

1 

Apple sauce 

2 

Cake 

1 

Peanut butter 

i 



Cookie 

1 

Dinner 

oz. 

Dinner 

OZ. 

Shrimp salad 

6 

Potato 

31 

Cauliflower 

2 

Beef 

8 

Baked beans 

2 

Squash 

2 

Squash 

2 

Canned cherries 

4 

Apple sauce 

3 

Butabaga 

2 

Skim milk 

6 

Lettuce 

li 

Cake 

2 

Baisin bread 

1 



Jam 




Mayonnaise 

i 
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In her second period ■while she was taking 5 mg. thiamin 
chloride daOy, subject A voluntarily reduced her dietary in- 
take of vitamin Bi since it was assumed that the large supple- 
ment would make up for such reduction. But the vitamin Bi 
of the milk produced was apparently reduced since daily doses 
of 6.0 ml. did little more than maintain the weight of depleted 
rats whereas in the former period 7.7 ml. doses produced as 
good gains as 10 mg. of the International clay adsorbate. 

In the third period 'with a daily supplement of 10 mg. thia- 
min chloride subject A produced milk nearly as good as in the 
first period. For this subject it is obvious that the thiamin 
supplement offered no advantage. Possibly the maximum 
concentration of vitamin Bi had been attained pre'vious to the 
supplementation. 

Subject B on the other hand produced a milk of low vitamin 
Bi value during the first period, 11 ng- per 100 gm. This is 
in the range reported by Neuweiler (’38). Supplements of 5 
and then of 14.2 mg. of crystalline thiamin chloride produced 
increases to 20 and 25 pg. per 100 gm. This subject reported 
that during the periods of supplementation the constipation 
from which she and the baby had suffered as a result perhaps 
of continued use of a non-residue diet, was immediately re- 
lieved. The amount of increase in the vitamin Bi secreted in 
the milk was sharply limited. If the volume of milk produced 
daily be taken as 600 gm. in the second period 0.12 mg. of ■vita- 
min Bi was secreted into the milk out of 5 mg. increased intake, 
and in the third period 0.15 mg. was similarly secreted out of 
14.2 mg. increased intake. 

The cow’s milk values found in these assays, 27, 20 and 32 
Mg. per 100 gm., are in the range usually reported. No differ- 
ence between the vitamin Bi potencies of raw and pasteurized 
market milk can be deduced from these few observations. 

DISCUSSION OF FOOD ESTTAKB AND MILK PRODUCTION * 

The typical diet of subject A during the first period con- 
tained 1650 Mg. of vitamin Bi, yielded 2230 calories and 90 gm. 

® Our thanks are due to Dr, George B. Cowgill for suggestions on the prepara- 
tion of this manuscript. 
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of protein, 60% of which was from milk, egg or meat. There 
were 90 gm. of fat yielding 810 calories and 265 gm. of carbo- 
hydrate yielding 1060 calories. Her estimated calorie require- 
ment not including milk production was 1800 calories. Since 
her average daily milk production was 840 ml. with probable 
value of 500 calories the transformation of food into milk 
calories appears to have been accomplished with but little 
energy cost. 

The total food taken by this subject is small in amount com- 
pared with the intakes recorded by Shukers, Macy, Donelson, 
Nims and Hunscher (’31) for their three subjects, but the 
latter were producing extraordinary daily amounts of milk, 
1420, 2366 and 3134 ml. respectively, on intakes of 3800, 4500 
and 4200 calories. The calorie intake and milk production of 
our subjects represent probably a more nearly normal per- 
formance for women supporting only one infant. 

The total non-fat calories metabolized by subject A was 
1420 at an estimated cost of 426 Mg- of vitamin Bi and 269 Mg- 
of vitamin Bi appeared in the milk. A positive balance of 
955 Mg- remains. If however the cost of transference of Bi to 
milk be treble that of maintenance as has often been suggested 
from observation on rats, the margin is reduced to 537 Mg-j 
and if the subject’s own maintenance requirement be similarly 
trebled because of lactation demands, the margin is wiped out 
and a deficit left. 

It seems reasonable to assume however that this subject was 
in vitamin Bi equilibrium during this period and that her 
maintenance need for 400 to 500 Mg- and her production in milk 
of 200 to 300 Mg. were met by an intake of approximately two 
and one-half times this amount of the vita min . 

In the third period A produced only 300 calories of milk 
daily and transferred to it only 125 Mg- of vitamin Bi in spite 
of the fact that she was receiving 10 mg. of thiamin chloride 
as well as 1250 Mg- ia her diet. If her maintenance need was 
the same as in period I and the same ratio of transformation 
held, at least 125 Mg- of the crystalline synthetic thiamin chlo- 
ride must have been utilized. 
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Less exact data as to food intake and milk output are avail- 
able for subject B. However her diet was considerably richer 
in carbohydrate than that of subject A, with probably in- 
creased maintenance requirement of vitamin Bi. If this be 
taken as 500 (jg., with milk content of 66 ng. her transforma- 
tion eflBcieney in period I was better than that of subject A or 
else she was in negative vitamin balance. By the same type 
of calculation it might be deduced that in periods 2 and 3 when 
she received daily 5 and 14.2 mg. thiamin chloride and pro- 
duced 120 and 150 ng. of vitamin Bi in her milk little or none of 
the added thiamin chloride was utilized for the extra milk vita- 
min. The actual increase in milk vitamin produced was only 
about 54 and 84 pg. daily. 

Since the infants in both cases grew and maintained normal 
appetites and were at all times in excellent health it is prob- 
able that they were receiving sufficient vitamin Bj. They re- 
ceived only the usual supplements of orange juice and cod 
liver oil, except that in periods 2 and 3 A’s baby was given 
also small amounts of cooked cereal. If total non-fat calories 
of human milk be estimated at 34 per 100 ml. and if the thia- 
min (in micrograms) to non-fat calories ratio of Williams and 
Spies ( ’38) be used, that is 0.3, no danger of beri beri occurs 
when the milk carries 10 pg. of thiamin per 100 ml. According 
to this criterion subject B in period 1 produced a milk barely 
adequate to prevent beri beri in her infant. The immediate 
improvement in appetite and intestinal regularity exhibited 
by this infant during the f ollovdng periods of supplementation 
is contributory evidence to the plausibility of this suspicion. 

It may be concluded that an intelligent selection of ordi- 
nary foods such as that made by A in period I -will insure an 
intake of vitamin Bi ample for the needs of lactation without 
fortification or supplementation. Likewise a somewhat re- 
stricted diet such as that taken by subject B may bring about 
low vitamin Bi content of the breast milk. In the former case 
large doses of thiamin chloride hampered rather than im- 
proved the excretion of Bi into the milk, and in the latter case 
the increase in the milk vitamin was not great and probably 
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110 more tliau could be obtained by increased efficiency in the 
use of the vitamin of the food. Perhaps the crystalline thia- 
min chloride when given in such large excess is mostly wasted 
through non-absorption as found by Schultz, Light and Frey 
( ’38). They w^ere able to detect only about 1 mg. in the urine 
when 5 mg. thiamin chloride were given daily and about 2 mg. 
when 10 mg. were given. The rest was found in the feces. 

Our subject A appeared however to excrete less vitamin 
into the milk when these large supplements were given than 
when natural food mixtures only were used. Perhaps the 
concentrated thiamin in the intestine had an adverse effect 
upon absorption of food thiamin. 

SUMMAEY 

Two healthy young women taking diets of widely different 
vitamin Bi content were found to secrete milk of similarly 
different vitamin Bi potency, 32 and 11 Mg- per 100 gm. 

When each of these subjects took 5 mg. of crystalline thia- 
min chloride daily during a period of 1 month no increase 
occurred in the vitamin Bj of the milk of the higher potency 
but some rise was seen in that of lower potency. The new 
level of the latter milk was 20 ng- per 100 gm. 

The first subject then took 10 mg. and the second 14.2 mg. 
thiamin chloride for a month. The new levels were 25 and 
25 Mg- per 100 gm. 

Three assays of market samples of cow’s milk showed 27, 
30 and 32 ng- pei' 100 gm. 

It is concluded that the level of vitamin Bi in human milk 
is controlled in the lower brackets by the vitamin Bi content 
of the diet but that as in cow’s milk a maximum level exists 
above which the vitamin content cannot be raised even by mas- 
sive doses of thiamin chloride. This maximum level appears to 
be the same in human and cow’s milk, 25 to 32 pg. per 100 gm. 
of milk. 
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The first toxic effect that appears in animals receiving 
fluorine compounds in water or food, and the one that persists 
longest as decreasing doses of fluorine are given, is a hypo- 
plasia of the dental enamel known as ‘mottled enamel’ in its 
human manifestation. An experimental and histologic study 
of this condition in rats by Schour and Smith (’35), revealed 
that fluorine has a direct disturbing effect on the enamel epithe- 
lium and later a more severe effect on the formation of the 
organic matrix. Neither of these effects is the same as those 
of other dental disturbances of nutritional (vitamin A de- 
ficiency) or of endocrine (parathyroidectomy, hypopara- 
thyroidism, hypophysectomy) .origin. 

The concentrations of fluorine in municipal water supplies 
that constitute public health hazards, solely with reference 
to the incidence of mottled enamel however, have been well 
defined. For public health purposes. Dean and Elvove (’35) 
have defined the minimal threshold of fluoride concentration 
in a domestic water supply as “the highest concentration of 
fluoride incapable of producing a definite degree of mottled 
enamel in as much as 10% of the group examined.” They 

^ This experiment was made possible by the donation of funds to the University 
of Illinois by the Aluminum Company of America. 

^ This investigation was conducted under the supervision of a Committee on the 
Physiological, Effects of Spray Chemicals, appointed by the director of the 
Agricultural Experiment Station and consisting of the following members ; 
H. H. Mitchell, W. A. Ruth, W. P. Flint and Julia P. Outhouse, 
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present evidence indicating that this critical concentration, 
deternodned on samples collected over a 12-month period, is 
approximately 1 part per million or slightly less, and this seems 
to be the concensus of competent opinion. Thus, the toxicity 
of fluorine in drinking water has been quite definitely deter- 
mined, insofar as toxicity can be expressed in terms of con- 
centration. While it must be true that the amount of fluorine- 
bearing water consumed is an important factor in the pro- 
duction of toxic effects, perhaps the all-important factor, 
the public health evaluation of a specific water supply must 
of course be based upon its content of potentially dangerous 
elements. 

The use of fluorine compounds, such as cryolite (NagAlFe) 
and barium fluosilicate in spraying fruits and vegetables for 
the purpose of insect control, represents another type of health 
hazard insofar as these compounds remain on the surface of 
the marketed food and are consumed. In recognition of this 
fact, the secretary of agriculture has imposed a legal tolerance 
on such spray residues of 0.02 grain of fluorine per pound 
of food, equivalent to about 2.9 p.p.m. This tolerance applies 
only in interstate commerce. 

Since the toxicity of fluorine in water has been so clearly 
determined, within the limits of accuracy imposed by the only 
practical method of expression, it would seem feasible to 
estimate the toxicity of fluorine spray residues by determining, 
first, the relative toxicity of the fluorine compounds occur- 
ring in water and those used in fruit and vegetable sprays, and 
second, the relative toxicity of fluorine in the same chemical 
combination but consumed in water and in food. The present 
paper will be concerned with the first of these problems as it 
relates to cryolite, while the following paper will be con- 
cerned with the second. 

In comparing the toxicity of fluorine as cryolite with that 
of fluorine in potable waters, it was assumed that the latter, 
insofar as it is in a non-ionized condition, is in the form of 
calcium fluoride, because 1) many of the naturally-occurring 
fluoride-bearing rocks, which would be the ultimate source 
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of the -water-borne fluorine, contain their fluorine in combina- 
tion -with calcium, 2) calcium fluoride is the least soluble 
fluoride commonly found in nature, and 3) the solubility of 
calcium fluoride -would permit concentrations of the element 
at 18° C. of about 8 p.p.m., and very few potable waters in 
this coiuitry contain more fluorine than this. Cryolite is many 
times more soluble than calcium fluoride, the relationship being 
15 to 1 according to Carter (’28) and 23 to 1 according to 
Roholm (’37). 

The solubility of inorganic salts does not necessarily de- 
termine their absorbability from the mammalian intestinal 
tract, except for compounds so slightly soluble that they are 
suitable for gravimetric chemical analysis. Furthermore, 
the differences in absorbability that are dependent upon dif- 
ferences in solubility would be expected to diminish as the 
amounts of the compounds consumed diminish. Confirming 
this expectation, De Eds and Thomas ( ’34) found that wide 
differences in the solubility of fluorine compounds did not 
occasion appreciable differences in the minimum toxic con- 
centrations for rats. Smith and Leverton (’34) have come 
to essentially the same conclusion, namely, that at a con- 
centration of 14 p.p.m., fluorine, regardless of the solubility 
of the compound used, gives the first outwardly discernible 
effect upon the incisor teeth of the rat that was regularly 
observed. However, there were indications in the latter ex- 
periment that, even at this low concentration, fluorine was 
more toxic in the form of sodium fluoride and barium fluosili- 
cate than in the form of calcium fluoride and cryolite. 

Ob-viously only these low levels of fluorine intake are of 
significance to the problem of the toxicity of fluorine in drink- 
ing water and in spray residues. Furthermore, since only 
small differences in toxicity between different fluorine com- 
pounds are to be expected at low levels of feeding, the com- 
pounds to be compared should be fed in water solution to avoid 
complications due to particle size. Also the consumption of 
both food and fluorine-bearing water should be equalized 
between comparative animals so that equal dosages of fluorine 
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■will be consuined as "well as equal amounts of food, since it is 
conceivable that a variable intake of food would modify the 
physiological effect of a given dose of fluorine. The experi- 
ment to be reported in this paper was planned according to 
these conceptions. Young albino rats served as subjects 
of the experiment, with the assurance that the data obtained 
as far as the comparative toxidities of CaFg and NagAlFe are 
concerned, are applicable to humans, since dental fluorosis 
in the rat and in the human are quite similar (Sehour and 
Smith, ’35). 


PLAN OP THE EXPERIMENT 

Twenty-four albino rats, averaging initially 57 gm. in 
weight, were divided into twelve pairs on the basis of sex, 
body weight and litter membership. They were fed indi- 
vidually by the paired-feeding technic on a ration of Purina 
Fox chow of the following percentage composition: dry sub- 
stance 90.98, ether extract 5.68, crude fiber 3.48, nitrogen 
3.96, ash 7.65, calcium 1.24 and phosphorus 0.86. The heat 
of combustion was 4.166 calories per gram and the fluorine 
content 3.04 p.p.m. 

The cryolite used in this experiment was a synthetic pro- 
duct marketed as an insecticide. It contained 43.7% fluorine 
and about 15% of non-cryolite material, including hydrated 
oxide of aluminum and compounds of sodium, calcium and 
silicon. The calcium fluoride was a chemically pure product. 

Each pair of rats received the same amount of food daily 
and the same amount of fluorine in the drinking water. The 
odd-numbered rats received water containing CaFg and the 
even-numbered rats water containing cryolite. In order to 
avoid any possibility of the solid food depressing or obscuring 
the toxic effects of the test substances administered in the 
water, the consumption of the food and of the water was 
separated as much in time as possible. The rats were allowed 
to eat from 8 to 9.30 a.m. and during this time the water 
consumption was restricted to the 4 to 5 cc. of distilled water 
that was mixed with the food to prevent scattering. From 
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9.30 A.M:. to 6 P.M. the rats had access to neither food or water. 
At 6 p.M. they were given measured portions of the fluorine- 
containing water and after these were consumed they were 
given distilled water ad libitum until the following morning 
at 8 A.M. 

To permit an estimate of the initial fluorine content of the 
experimental rats, six rats of approximately the same weight 
range as the experimental rats were analyzed after removal 
of the contents of the aHmentary canal. The entire carcasses 
of these rats were analyzed for fluorine by the technic used 
with the soft-tissue samples of the experimental rats. 

After approximately 14 weeks of feeding, the rats were 
killed with ether and the digestive tracts removed, emptied, 
washed with distilled water and replaced. After determining 
the empty weights, the carcasses were autoclaved at 12 pounds 
steam pressure for 30 to 45 minutes in order to facilitate the 
separation of the skeleton from the soft tissues. The latter 
were combiued with all condensed water, flmely ground and 
thoroughly mixed by hand. The bones, after removal of the 
teeth, were dried for 12 hours at 110® C., broken up and ex- 
tracted with ether for 48 hours in a Soxhlet extractor. The 
extracted bone was then dried at 110° 0. for 20 minutes, weighed 
and flnely ground in a hand mill. The teeth, after removal 
from the carcass, were washed first in water to remove all 
adhering tissue, and then in ether, after which they were 
dried at 110° for 24 hours and weighed. 

The soft tissue, bones and teeth were analyzed separately 
for fluorine. Samples of soft tissue were weighed out, mixed 
with 15 cc. of a 10^ solution of magnesium acetate and ashed 
for 12 to 16 hours at temperatures of 500° to 550° C. in an 
electric muffle furnace. Samples of bone were ashed for 
16 to 20 hours at 550° C., while the entire weight of teeth was 
ashed for 20 hours at 550° to 600° C., carefully ground in an 
agate mortar and re-ashed for 24 hours at the same tempera- 
ture. 

The fluorine was isolated from the ash of all samples by dis- 
tillation as hydrofluosilicie acid according to the well-hnown 
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metkod of Willard and Winter (’33), and a duplicate dis- 
tillation was carried out to remove completely all phosphates, 
in accordance with the recommendations of Churchill, Bridges 
and Eowley ( ’37) . The first distillation was made with sulfuric 
acid and the second with perchloric acid. The distillation 
temperature was maintained at 140° C. by the introduction 
of steam at the proper rate into the distillation flask. The 
distillation was continued until 250 cc. of liquid had been col- 
lected. In the analysis of soft-tissue ash the chloride ion 
was removed from the first distillate by precipitation with 
AgCio 4 , as suggested by Armstrong (’36). 

The second distillates were made alkaline with a dilute 
solution of NaOH and were then evaporated on an electric 
hot plate at a temperature just below boiling. In the case 
of the bone samples, the Eowley and Churchill (’37) pro- 
cedure was followed, employing an aqueous medium for the 
titration of the fluorine with thorium nitrate. In the case 
of the soft tissue and tooth samples, the micro method of 
Armstrong ( ’36) was used, which permits the determination of 
as little as 10 micrograms of fluorine in 10 cc. of distillate. The 
only departure from Armstrong’s directions was the use of 
a stronger thorium nitrate solution, 0.0006 to 0.0007 N, instead 
of 0.0004 N. 

A number of recovery tests were undertaken with the 
analytical procedures above described. In five tests with bone 
samples, to which fluorine was added in amounts equal to those 
expected in the samples themselves, the recoveries ranged from 
96 to 101%, averaging 98.5. In five tests with soft-tissue 
samples conducted on the same principle, the percentage re- 
coveries ranged from 92 to 100, and averaged 95.4. 

EBSUIiTS OF THE EXPERIMENT 

Because of the imposition of the above-described severe ex- 
perimental conditions, the food consuinption of the rats was 
low and the daily gains in body weight averaged only about 
0.9 gm. However, the rats showed no other adverse effects 
except during the first week of the experiment. At this time 
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several of the rats, irrespective of the nature of the fluorine 
supplement received, showed a hematuria lasting 1 or 2 days. 

The teeth of the rats were examined once a week during 
the period of experimental feeding, using a jeweler’s lens 
with a magnification of 4x. Striations of the enamel began 
to appear during the eighth week of feeding and were visible 
on the teeth of aU rats by the end of the tenth week of feed- 
ing. In all probability tooth striations would have appeared 
earlier if the rats had consumed the experimental diets better. 
No distinction could be made between the rats receiving 
CaF 2 and those receiving NagAlFg with reference to tooth 
appearance. 

In table 1 will be found a summary of the growth data and 
of the data on fluorine retention. The growth rates of the 
rats were not affected to an appreciable extent by the nature 
of the fluorine supplement fed, nor were the appetites of 
the rat for food, as judged by the numbers of food refusals 
(not given in the table). The weight of dry, fat-free bone 
and of dried teeth were also not affected by the difference in 
fluorine supplement given the paired rats. 

The fluorine intake of the rats was equivalent on the aver- 
age to 13.0 parts per million of solid food consumed, or 0.75 
mg. per kilogram of body weight daily. Seventy-seven per 
cent of the fluorine consumed was contained in the drinking 
water and 23% in the basal diet. 

The concentration of fluorine in the bones averaged 620 
parts per million of dry, fat-free substance, and that in the 
teeth 245 p.p.m. of dry substance. The observed concen- 
tration of fluorine in the soft tissues was not significant be- 
' cause of the variable amounts of condensed water in these 
samples. The weights of the samples may be estimated, 
however, from the empty weight of carcass, the weight of dry 
fat-free bones and the dry weight of teeth. From another 
series of twelve rats, averaging 220 gm. in weight, the total 
dried, fat-free skeleton averaged 50.6% of the fresh weight. 
The teeth were assumed to contain 14% of moisture (Matsuda, 
’27). Using these factors and the average fluorine content 
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The results on growth and fluorine retention 
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TABLE 1 — Ciyntinued 



* Dry, fat-free weight. * Weight after drying at 110 ®0, 

• The initial fluorine content of the rats was estimated at 1.6 microgram per gram. 
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of the soft tissues (0.105 mg.), it may be shown that the 
eoucentration of fluorine in the soft tissues aweraged 0.71 
p.p.m. 

The nature of the fluorine supplement had no appreciable 
effect upon these concentrations of fluorine in the tissues. 
The averages for the cryolite rats and the calcium fluoride 
rats were not greatly different and among the twelve pairs of 
rats there was no consistency in this respect. The pairs 
divided eight to four in favor either of the cryolite (for 
bone) or of calcium fluoride (for teeth and soft tissues). 
In such a situation the application of statistical analysis is 
unnecessary, 

The total quantities of fluorine recovered in the carcasses 
of the experimental rats were quite similar for the rats on 
the two fluorine supplements, averaging 5.028 mg. for the 
rats receiving calcium fluoride and 5.002 mg. for the rats 
receiving cryolite. The amounts of fluorine retained during 
the experimental feeding period were estimated by deducting 
from the amounts of fluorine found, the amounts estimated to 
have been present in the rats at the start of the feeding 
period. The six check rats killed at this time contained the 
following amounts of fluorine in micrograms per gram of 
weight : 2.4, 1.9, 1.5, 1.5, 1.3 and 1.1, averaging 1.6. The initial 
content of fluorine was estimated at 1.6 micrograms per gram 
initial weight. 

The quantities of fluorine retained during the experimental 
feeding period averaged 59.3% of the amount fed for the rats 
receiving the calcium fluoride supplement, and 59.2% for the 
rats receiving the cryolite. Among the twelve pairs, four 
showed the greater percentage retention for the cryolite 
rats, and with three others the difference was less tba-n 1%. 
The data, therefore, do not reveal any appreciable difference 
between the rate of retention of fluorine from calcium fluoride 
and from cryolite. 

Over 96% of the fluorine retained by these rats was de- 
posited in the skeleton, and this quota was remarkably con- 
stant among the twenty-four rats, the percentage varying 
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only from 95.2 to 97.0. The remainder of the recovered 
fluorine was deposited in about equal amounts in the teeth and 
in the soft tissues, 1.85 and 2.05%, respectively. 

CONCJLUSIONS 

The fluorine in cryolite is no more toxic to growing rats nor 
is it retained in the body to a greater extent, than the fluorine 
in calcium fluoride when both are administered in aqueous 
solution at the rate of 0.58 mg. per kilogram of body weight 
daily. The appearance of striations in the incisor teeth is 
equally rapid with both fluorine compounds. 

About 96% of the fluorine retained at an intake equivalent 
to 13 p.p.m. of food consumed is deposited in the skeleton, 
and the remaining 4% is about equally divided between 
teeth and soft tissues. 
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In the preceding paper it was sLown that the fluorine in 
cryolite is not appreciably different in toxicity for growing 
rats from that in calcium fluoride (the form in which fluorine 
probably occurs in most fluorine-bearing waters insofar as it 
is present in combination), when both compounds are admin- 
istered in the drinking water at a low level, 0.58 mg. per 
kilogram daily. The next step in determining whether the 
fluorine in cryolite (NajAlPe) in the form of spray residue 
on fruits and vegetables is any more or less toxic than the 
fluorine in drinking water, the relation of which to malforma- 
tion of dental enamel has been quantitatively assessed, is a 
comparison of the toxicity of the same fluorine compound 
when administered in water and in food. 

Dean, Sebrell, Breaux and Elvove ( ’84) observed that 500 
p.p.m. of NaP in the drinking water exhibited in rats a rela- 
tively greater toxicity, as evidenced by growth rate and tooth 
structure, than the same concentration of fluorine in the diet 
under their experimental conditions. They state further: 
“Whether this result is due to differences in the total quan- 
tity of sodium fluoride ingested, to more complete absorption, 

* TMs experiment was made possible by tbe donation of funds to tbe University 
of Illinois by the Aluminum Company of Amerioa. 

* TMs investigation was conducted under the supervision of a Committee on the 
Physiological Effects of Spray Chemicals, appointed by the director of the Agri- 
cultural Experiment Station and consisting of the following members: H. H. 
Mitchell, W. A. Buth, W. P* Flint and Julia P. Outhouse. 
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to a more rapid rate of absorption or to other factors has not 
been definitely determined,” Mareovitda, Sbney and Stanley 
( ’37) concluded that sodium fluoride affects the teeth! of rats 
at a lower concentration in the drinking water (4 p.p.m.) than 
in the food (7 p.p.m.), and at a still lower concentration in 
the drinking water (1 p.p,m.) when the food is cooked to dry- 
ness in 3.4 times its weight of such water. In the following 
year Marcoviteh and Stanley ( ’38) reported that rats receiv- 
ing 4 p.p.m. of fluorine in the drinking water as sodium fluoride 
retain nearly twice as much of the element as rats receiving 
4 p.p.m. of fluorine as cryolite in the diet, admitting that: 
“This is due in part to the greater consumption of fluorine 
in the drinking water, but no doubt solubility is also a factor.” 

Experiments in which the comparison of the toxicity of 
fluorine in drinking water and in food is made with animals 
receiving unrestricted amounts of both, cannot be expected to 
answer the question whether the method of administration of 
fluorine per se is a factor. Nor can the results of such ex- 
periments be presumed to possess any wide range of applica- 
bility in practical human nutrition, in which water and food 
are both consumed ad libitum. The ratio of the voluntary 
consumption^ of water to that of food is subject to such wide 
variation on account of differences in the character of the 
food, the environmental temperature, the activity of the sub- 
ject and possibly the species of animal as well as oiher fac- 
tors, that experimental results pertaining to any particular 
ratio secured under one set of conditions cannot be applied 
to other, ratios and other conditions. 

The experiments to be described below were plaimed to 
answer the question whether the method of administration of 
fluorine per se, in water or in food, modified its toxicity as 
measured by changes in the dental enamel and by its retention 
in the body. The source of fluoriue in.both eases was cryolite. 

PLAN OP EXPEEIMENT 

Twelve pairs of young albino rats ranging in weight from 
60 to 90 gm. were chosen from litter mates of the same sex 
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and approximately the same weight. They were fed accord- 
ing to the paired-feeding technic upon a basal diet, consisting 
of dried beef powder 25%, dried yeast 8%, sucrose 10%, lard 
8%, butterfat 7%, cod liver oil 1%, a calcium-free salt mix- 
ture® 3%, CaCOs 1%, and starch 37%. This diet contained 
0.88 p.p.m. of fluorine. 

The even numbered rats in each pair received this ration 
with enough cryolite added to bring the fluorine concentration 
to 10 p.p.m. This required 9.1 mg. of F per kilogram of diet. 
A solution containing 9.1 mg. of F, as cryolite, per liter was 
made up to supply the fluorine supplement to the odd num- 
bered rats in each pair. Each odd numbered rat received 
daily as many cubic centimeters of this solution as it received 
in grams of the basal diet. Hence, the rats in each pair re- 
ceived the same amount of food daily and the same dosage of 
fluorine as cryolite, one in solid form mixed into its food and 
the other in aqueous solution. The cryolite used was a syn- 
thetic product that is being marketed as an insecticide. It 
contained 43.7% of fluorine. As originally obtained, it all 
passed through a 200 mesh sieve, and during the process of 
mixing with the starch ingredient of the diet, it was further 
pulverized in a ball mill for 3 or 4 hours. 

In order to obtain the maximum effect of the difference in 
the method of administration of the fluorine, it seemed essen- 
tial to separate as far as possible the times of consumption of 
food and of cryolite solution. Hence, the following schedule 
was followed. The rats were fed at 4 o ’clock in the afternoon 
and were allowed to eat until 7 o’clock. In order to prevent 
scattering, each day’s portion of food was moistened with 
about 4 cc. of distilled water, but otherwise the rats received 
no water until 8 o ’clock in the morning. The even-numbered 
rats received redistilled water ad libitum from 8 a.m. to 4 p.m. 
The odd-numbered rats received their daily quota of cryolite 
solution at 8 a.m. and, when this was consumed, as much re- 
distilled water as they cared for until 4 p.m. 

® Containing no fluorine and, besides the ordinary ingredients, cobalt chloride, 
zinc chloride and copper sulfate. 
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Fluorine balance experiments were run on all pairs of rats 
at least once, and twice for four pairs, in tbe interval from 
the tenth to the nineteenth weeks of the experiment. Each 
collection period lasted 14 days, during which time the rat 
was confined in a Pyrex crystallizing dish, measuring 190 mm. 
in diameter and 100 mm. in height. The bottom of the col- 
lection dish was covered with a circular filter paper for the 
absorption of urine, over which was placed a fine metal screen 
for the collection of the feces. The rat was supported on a 
metal grid with i inch mesh, raised about 2 inches above the 
bottom of the dish by metal supports. The dish was covered 
by an inverted cylindrical cage made of hardware cloth and 
standing about 7.5 inches high. The papers for the absorp- 
tion of urine were removed every other day, moistened with 
magnesium acetate solution and dried. The dishes and grids 
were washed with hot redistilled water several times during 
each collection period. The washings were made alkaline with 
calcium hydroxide and evaporated to dryness. 

. At the termination of the collection period, the treated 
filter papers were placed within the proper beakers contain- 
ing the residue from the urine washings, and the papers and 
residue were ashed at 500 °C. in an electric muffle furnace. 
The feces collections were treated with a solution of mag- 
nesium acetate, dried and ashed at the same temperature. 
Fluorine determinations on feces and urine were made accord- 
ing to the micro-method of Armstrong (’36). 

In some of the balance experiments, the urine collections 
were divided into two periods, from 8 a.m. to 5 p.m. and 5 p.m. 
fo 8 a.m:., in order to detect differences in the rate of urinary 
excretion between the rats receiving their fluorine supplement 
at 4 P.M. (in the food) and those receiving their supplement 
at 8 A.M. (in the water). 

The rats were killed with ether at the end of 19 or 20 weeks 
of experimental feeding. The empty weight was determined 
and the carcasses separated into soft tissues, skeleton and 
teeth as described in the preceding paper. The fluorine was 
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determined in each of these samples according to the methods 
previously given. 


EXPEBIMENTAL BESULTS 

The physical condition of the rats, the rate of growth and 
the appearance of the teeth were observed throughout the 
feeding period. The growth of the rats was uniformly slow 
because of the adverse feeding conditions that were of neces- 
sity imposed. The average daily gain in body weight was 
only 0.83 gm. Food refusals were frequent and in eleven of 
the twelve pairs were more frequent for the rat receiving its 
cryolite in the water, indicating a definite impairment of 
appetite by this method of fluorine administration. In the 
average, the food refusals were more than twice as frequent 
for the rats receiving the cryolite solution than for those with 
cryolite in their diet. 

Striations appeared on the lower incisor teeth starting with 
the seventh week of feeding and by the tenth week all of the 
rats showed this effect. In four pairs of rats, the rat re- 
ceiving cryolite in water showed tooth striations first, in four 
pairs the reverse was true, and in four pairs striations were 
observed at the same time in both rats. Thus, as far as these 
weekly examinations of the teeth revealed, there was no dif- 
ference in the time of appearance of tooth striations between 
the two methods of fluorine administration. 

During the first week or so of the experiment about half 
of the rats receiving fluorine in their drinking water exhibited 
hematuria that recurred every few days and then disappeared 
completely. This phenomenon was observed also in the ex- 
periments described in the preceding paper, in all of which 
fluorine was administered in the water. It evidently repre- 
sents only a temporary effect upon kidney function, albeit an 
intense effect while it lasts. 

The growth data and the results of the fluorine analyses of 
the tissues are summarized in table 1. Neither the total gains 
in body weight made by pair mates, nor the attained body 
lengths (not summarized in the table), indicate any appre- 
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Growth data and ftuorme analyses of tissues 
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TABLE 1 — Continued 



Weight of dry, fat-free bone. * Weight of dry teeth. 

Total fluorine in carcass minus estimate of initial content of fluorine, taken as 1.6 p.p.m, of initial weight of body. 
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ciable effect of tbe method of fluorine administration upon 
body growth. Also, no consistent differences in the weight 
of dry, fat-free bone or of the teeth were obtained between 
pair mates. 

However, the fluorine analyses revealed a greater concen- 
tration of fluorine in bone and in teeth in all twelve pairs for 
the rat receiving its cryolite in water. For twelve events, 
each of which may result with equal probability in either of 
two ways, a consistent outcome would be obtained by chance 
on an average of only twice in 4096 trials (from the binomial 
distribution), or once in 2048 trials. This probability is so 
small that it may be neglected, and the consistent outcomes 
observed can reasonably be ascribed to the difference in ex- 
perimental treatment deliberately imposed, i.e., the method 
of fluorine administration. 

The contents of fluorine in bone and teeth were also con- 
sistently greater for the rat in each pair receiving its cryolite 
via the drinking water, and the same was true with one ex- 
ception for the fluorine contained in the soft tissues. The 
one exception occurs in pair no. 5, in which the soft-tissue 
sample for the rat receiving cryolite in its food exhibited a 
fluorine content three or four times as large as any other 
similar sample. It is very probable that this sample was 
inadvertently contaminated with a small piece of bone, espe- 
cially since the observed percentage of retained fluorine de- 
posited in the skeleton was much lower for this rat than for 
any other. It may be concluded, therefore, that equal doses 
of fluorine cause a greater deposit of fluorine in bone, teeth 
and soft tissue when administered in the water than when 
administered in the food. 

The estimates of the amounts of fluorine retained by the 
rats during the experimental feeding period, using the pro- 
cedure explained in the preceding paper, were less in aU pairs 
for the rat receiving fluorine in its food, the averages being 
3.517 and 4.319 mg., amoimting to 40.3 and 49.3%, respec- 
tively, of the fluorine consumed. Thus, the retention of fluo- 
rine was 18.6% less for the rats receiving their fluorine in 
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th.e food than for those receiving it in the water. Since the 
basal diet supplied 9% of the fluorine intake, the observed 
average difference in fluorine retention must have been pro- 
duced, outside the limits of random error, by 91% of the 
fluorine intake of the odd numbered rats. Hence, if these rats 
had received aU. of their fluorine in the drinking water, it 
may be predicted, neglecting random errors, that instead of 
retaining 0,802 mg, more of fluorine than their pair mates, 
they would have stored 0,802 0,91 = 0,881 mg, more, a 

difference of 20,4, instead of 18,6%, It may be concluded, 
therefore, that under the conditions of this experiment the 
administration of fluorine in food, rather than in water, de- 
creases the retention of fluorine, and hence its potential tox- 
icity, by 20,4%, 

It is an interesting fact that in nine of the twelve pairs of 
rats, the rat receiving its fluorine in the water retained a 
greater percentage of the stored fluorine in its skeleton than 
its pair mate, the averages being 95,4 and 94,7, respectively. 
In one pair, the percentages were the same. In making a 
statistical analysis of this situation, it seemed fair to exclude 
the results of pair 5 in which a questionably low percentage 
was obtained, as explained above, for the rat getting its 
fluorine in the food. For the remaining eleven pairs, the 
mean difference in the percentage of fluorine stored that was 
deposited in the bones was 0.418, favoring the rats receiving 
the cryolite solution, the standard deviation of differences 
was 0,495, the value of t, 2.656, and the probability, P, that 
such an average difference was produced by fortuitous factors 
only, 0.012 (Student, ’25). This probability is so small that 
it may be neglected. We may conclude, therefore, that the 
greater storage of fluorine in the body associated with its 
administration in the drinking water occasioned a greater 
proportional storage in the skeleton. 

The results of the fluorine balance trials, summarized in 
table 2, substantiate the results of the carcass analyses. In 
thirteen of the sixteen trials, more of the ingested fluorine 



TABLE 2 

Fluorine ’balance data, Mesults expressed on the 14-day basis 
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was excreted by the rat receiving its cryolite in the food than 
by its pair mate receiving its cryolite in the drinking water. 
On an average, 65% of the ingested fluorine was excreted by 
the former, and 58% by the latter. It is probably significant 
that for the first four pairs of rats, upon which two balances 
were run, a considerably greater percentage of the fluorine 
intake was excreted for all eight rats during the last 2 weeks 
of feeding than during the tenth and eleventh weeks. This 
fact would indicate that the rate of fluorine retention de- 
creased as the feeding period progressed. 

Of the fluorine excreted, the greater portion appeared in 
the urine, but in this regard there was an interesting differ- 
ence between the two methods of fluorine administration. In 
fifteen of the sixteen balance trials the percentage of the 
excreted fluorine appearing in the urine was greater for the 
rat receiving its cryolite in aqueous solution, the averages 
being 67 and 57, for administration in water and food, re- 
spectively. 

The fact that the rats receiving fluorine in the drinking 
water excreted less of the ingested fluorine than their pair 
mates, but of what they did excrete more appeared in the 
urine, suggests that the difference in assimilability of cryo- 
lite dissolved in water and that mixed in the solid form (finely 
pulverized) with food is really a difference in the absorb- 
ability from the alimentary canal. An inspection of table 2 
will show that the differences in fecal fluorine between paired 
rats are generally large and, with one exception (pair 4, first 
balance) favor the rat receiving cryolite in its food. Further- 
more, the urinary fluorine excretions on intakes identical for 
pair mates were very nearly the same, averaging 340 micro- 
grams for the rats receiving fluorine only in the food and 
359 micrograms for the rats receiving most of their fluorine 
in the drinking water. We may reasonably conclude, there- 
fore, that the difference in assimilability of fluorine ingested 
in water and in food is entirely due to a difference in absorb- 
ability from the intestinal tract. However, the poorer ab- 
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sorbability of the solid cryolite does not necessarily mean 
that it is only incompletely dissolved by the digestive juices. 
It may very well be completely dissolved, but its absorption 
may be hindered by the food residues with which it is mixed. 

As was to be expected, the rats receiving their cryolite in 
the food at 4 p.m. excreted most of their urinary fluorine in 
the period from 5 p.m. to 8 a.m., while the rats receiving their 
cryolite in the drinking water at 8 a.m. excreted most of their 
urinary fluorine in the interval from 8 a.m. to 5 p.m. The per- 
centages for the former rats averaged 80 for the night period, 
and for the latter 66 for the day period. 

DISCUSSION 

It is clear from these results that at a low level of fluorine 
intake equivalent to 10 p.p.m. of food consumed, cryolite ad- 
ministered in the water is retained to a greater extent than 
cryolite administered in the food and hence is potentially more 
toxic. In the preceding paper it was shown that no appre- 
ciable difference exists between the toxicity or the assimila- 
bility of the fluorine in cryolite and CaFg administered in 
the drinking water. On the reasonable assumption that fluo- 
rine as it occurs naturally in drinking water is generally 
present as CaFs insofar as it exists in unionized form, it may 
be concluded that for equal low dosages the fluorine in cryo- 
lite consumed with the food, as in fruit spray residues, is 
less assimilable than the fluorine in drinking water and hence 
less potentially dangerous by about 20%. 

But the consumption of water is several times the con- 
sumption of food by weight. Of course the ratio will vary 
greatly, but a convenient and apparently satisfactory method 
of arriving at a normal ratio, or a ratio under usual condi- 
tions, may be based upon Adolph’s (’33) estimate that 
“roughly a convenient liberal standard of total water intake 
for any mammal is 1 cc. per Calorie,” the latter referring to 
the energy requirement. This standard agrees well with the 
estimated normal water intake of an average TTnan weighing 
65 kg. of 2400 ce. taken by Richter (’38) from data compiled 



PliTJOEIlTE TOXICITY IN' WATEB AND FOOD 


139 


by Best and Taylor (’37). It agrees well with Magee’s (’37) 
data from large numbers of institutionalized men and women, 
the average water intake of whom was about 2600 ec. daily 
in beverages, fluids and solid food. These figures would ap- 
proximate the numbers of calories of food energy required by 
adults. In the case of children, a comparison of the cubic 
centimeters of water required according to McQuarrie’s stan- 
dards (’33) and the number of food calories required as 
determined by Maroney and Johnston ( ’37) approximate each 
other so closely as to suggest that Adolph’s standard of 1 cc. 
of water per calorie of energy required is of rather general 
application to all ages. 

Taking the fuel value of 1 gm. of dried food in the human 
diet at 4 calories and the water requirement at 1 co. per 
calorie, the normal (or usual) ratio of water consumed to 
food consumed appears to be about 4 to 1. The proportion 
of the water intake consumed with the food will, of course, 
vary greatly. For purposes of calculation we may assume 
that one-half of the water consumed is taken as a drink and 
one-half in the food (Newburgh, Johnston and Falcon-Lesses, 
’29- ’30). If twice as much water is drunk as the weight of 
food eaten, the critical concentration of fluorine in the drink- 
ing water defining the upper limit of safety, i.e. 1 p.p.m., 
would correspond to 2 p.p.m. in the food on an equal dosage 
basis, or considering also the relative toxicity of equal doses 
of fluorine in water and in food as determined in this ex- 
periment, 1 p.p.m. of fluorine in the water would be the hygi- 
enic equivalent of 2.4 p.p.m. in the food. 

If all the water in the food were cooking water containing 
1 p.p.m. of fluorine, then 1 p.p.m. of fluorine in a domestic 
water supply would be the hygienic equivalent of 4.8 p.p.m. 
in the food. Of course this refers to the total intake of solid 
food, only a small fraction of which would be contained m 
sprayed fruits and vegetables. 
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STJMMAET AND CONCLUSIONS 

Experiments are reported on twelve pairs of rats designed 
to measure the relative toxicity of fluorine (as cryolite) when 
consumed in equal amounts either in food or in water. The 
feeding experiments were carried out according to the paired- 
feeding technic, and were supplemented with sixteen fluorine 
balance trials of 14 days each and analyses of the bones, teeth 
and soft tissues of all rats at the termination of the feeding 
period. The fluorine was fed in amounts equivalent to 10 
p.p.m. of solid food; 9% of the fluorine intake was contained 
in the basal diet in uninowh forms. 

The results of the experiment seem to justify the following 
conclusions, under the experimental conditions above speci- 
fied: 

1. The method of administration of fluorine at low levels 
of intake whether in water or in food has no apparent effect 
on the rate of growth of animals. Administered in the water, 
however, fluorine definitely depresses the appetite of rats and 
induces a transient hematuria. 

2. No considerable difference in the time of appearance of 
striations in the lower incisor teeth of rats result from the 
administration of fluorine in food or in water in low concen- 
tration. 

3. Doses of fluorine in the food are retained to a less extent 
in bones, teeth and soft tissues than equal doses of fluorine 
in the drinking water. Considering the total retention of 
fluorine in the carcass, this impairment in assimilability 
amounts to 20%. It seems to be the result entirely of an 
impairment in absorption from the alimentary tract. 

4. Continued ingestion of low concentrations of fluorine in 
food or in water by growing animals results in a smaller 
percentage retention in the body. 

5. Considering both the difference in the usual consump- 
tion of food and of water in practical human nutrition, and 
the difference in potential toxicity of fluorine in water and 
in food, a concentration of 1 p.p.m. of fluorine in the drinking 
water defining the upper limit of safety, is the hygienic equiva- 
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lent of from 2.4 to 4.8 p.p.m. of fluorine in the total food, 
depending upon the proportion of the "water intake that con- 
tains fluorine in the critical concentration. 
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INTRODUCTIOlSr 

In preparing a review of the literature concerning physio- 
logical changes in adolescence (Shock, ’39), the scarcity of 
adequate data on basal respiratory functions became ap- 
parent.® Although numerous reports of oxygen consump- 
tion have been published, little information on respiratory 
volume, tidal volume or carbon dioxide and oxygen content 
of expired air is available either for adolescents or for adults 
under basal conditions. In such studies the maintenance of 
basal conditions is important since they can be most easily 
reproduced and thus allow comparisons between individuals. 
Eepeated respiratory measurements have been made on a 
limited number of adults (Griffith et al., ’29; Hafkesbring 
and Borgstrom, ’27 ; Hafkesbring and Collett, ’24), but such 
observations do not give us the probable range of values 
expected in normal subjects. Furthermore, it was found that 
with the exception of Griffith et al. (’29) in none of these 
studies were all the respiratory functions measured in the 

^From tbe Institute of Child Welfare and the Departments of Physiology and 
Medicine of the University of California. 

Grateful acknowledgment is made to the W.P.A. (O.P. no. 465-0 3~3-631~Unit 
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^ Bibliographical references to this literature and to that concerned with 
basal oxygen consumption have been omitted from this report because of limitation 
of space. 
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same individuals. This report is presented to show the range 
in values of basal respiratory functions in normal adolescents 
and adults and to indicate changes that take place during 
adolescence. 

METHOD 

We have recorded the respiratory rate, the respiratory 
volume per minute, tidal volume, concentration of oxygen and 
carbon dioxide in the expired air, oxygen consumption and 
alveolar carbon dioxide tension in two groups of subjects. 
The first group consisted of fifty normal boys and fifty normal 
girls representatively sampled from normal school children, 
on whom the tests were begun at the ages of 11 or 12 years, 
and were repeated at 6-month intervals over a period of 
5 years.® The second group consisted of forty-six normal 
adult males and forty normal adult females, ranging in age 
from 27 to 43 years. The average age of the adult males 
was 27.41 years (with standard deviation of 5.9 years) and 
of the adult females, 28.75 (S.D. = 5.8). The adults were 
chosen from staff members and from university students who 
were presumably healthy, although no systematic medical ex- 
amination was given. In view of the sedentary activities of 
these subjects, the average values for metabolic tests may 
be somewhat lower than for the general population. In the 
adult group, we used only the tests made in triplicate on 2 
successive days, although as many as sixty tests were made 
on each subject. 

Three observations on each subject were carried out on each 
of 2 successive days as follows: The subject was brought 
by automobile from his home at 7.30 each morning without 
breakfast. The laboratory used was on the ground floor of the 
building so that activity was minimized. While the subject 
lay on a cot for 20-minute rest period, three determinations 
of blood pressure and pulse-rate were made by a trained 
woman assistant. At the end of 20 minutes, a Siebe-Gorinan 
half -mask was tied over the nose and mouth of the subject. 


*The study of these children is still in progress. 
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The subject was allowed 10 minutes for respiratory adjust- 
ment to the mask and then three 8-minute tests of the basal 
oxygen consumption were made by the Tissot open-circuit 
gasometer method,* in which the total expired air is collected 
and the carbon dioxide and oxygen concentration is determined 
by the Boothby-Sandiford modification of the Haldane tech- 
nique (’20). All gas volumes were reduced to standard 
conditions of 0°C. and 760 mm. of mercury. Total respira- 
tory volumes were obtained directly from the gasometer read- 
ing, and tidal air volumes were computed by dividing the 
total respiratory volume in liters per minute by the average 
respiratory rate per minute. The respiratory rate was 
counted twice each time for a 1-minute period, during each of 
the three gas-sampling periods. Samples of expiratory alveo- 
lar air were obtained by the Haldane-Priestley technic and 
were analyzed for carbon dioxide in the Haldane apparatus. 
Surface areas were derived from the height and weight of 
the subject by the Du Bois formula (’16). 

EESXJLTS 

The average of six determinations of each of the respiratory 
factors (i.e., three on each of 2 successive days) has been 
calculated for each subject. These values have been used in 
compiling frequency distributions for 100 children studied 
when they were 12, 14 and 16 years old, respectively, and for 
the ninety-six adults. The mean values with their probable 
errors are shown in table 1. In this table, the values for 
total ventilation per minute and for oxygen consumption are 
divided by the weight or surface area of the subject in order 
to take into consideration the factor of size of the individual. 
The reduction in variability which results from this procedure 
is shown in the values of the coefficient of variations which 
appears in parentheses in table 1. 

Table 2 gives the mean differences between the respiratory 
functions at the age of 12 and of 14, and the age of 14 and 

^Each subject was tested on 2 days before the actual experimental series 
was begun, in order to accustom him to the procedure. 
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Oxygen consumption 154.5±1.6 140.8+1.1 149.7+1.3 130.1+1.0 141.8+1.4 117.9+1.2 125.9+1.2 118.3±1.5 122.1+1.0 112.5+1.8 

ce./sq.m./mm. (9.6) (7.5) (8.9) (7.9) (8-6) (7.6) (5.8) (8.2) (5.6) (10.5) 

Heat production 45.03+0.46 40.99+0,32 43.46+0.35 37.96+0.29 41.13+0.38 34.29+0.34 36.57+0.38 34.28+0.40 35.44+0.28 32.63+0.50 

Cal./sq.m./hr. (9.3) (7.2) (8.5) (8.0) (8.0) (7.7) (7.3) (7.7) (5.6) (10.1) 

Figures in parentheses axe coeldcients of variation. 
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and 16, in boys and girls. Tbe significance of the age dif- 
ferences bas been assessed by compnting the ratio between 
the mean difference in the 100 subjects and its probable error 
(critical ratio). For these observations, the probable error 
of the mean difference was calculated from the actual dis- 
tribution of differences, since each subject was measured at 
all three ages considered.. The significant values in. table 2, 
which indicate residual growth, appear in bold-faced type. 

We have found that in boys there is an increase in the 
absolute minute respiratory volume (which is due to an in- 
crease in body size) between the ages of 12 and 14 years. 
In boys the respiratory rate decreases between the ages of 14 
and 16, the tidal volume increases, the concentration of oxygen 
in the expired air decreases and the expired carbon dioxide 
increases. In girls, there is an increase in the total respira- 
tory volume between the ages of 12 and 14 years. The 
changes in the composition of the expired air in girls from 
14 to 16 years of age are similar to those in boys, but are 
not so sharply defined. The average oxygen consumption 
per miaute increases from the age of 12 to 16 years in both 
sexes. However, when the oxygen consumption is measured 
as cubic centimeters of oxygen consumed per kilogram per 
minute or as calories of heat produced per square meter 
per. hour, there is a decrease. 

The statistical methods suitable for a series in which re- 
peated observations are made on the same individuals can- 
not be applied to a series in which the observations are made 
on different individuals. For this reason, the methods used 
in comparing the adolescents at the ages of 12, 14 and 18 
years could not be employed in comparing the 16-year-old 
group with the adults. This latter comparison was made by 
computing the probable error of the difference from the 
formula. 

The results are shown in table 3. Sixteen-year-old girls are 
similar to adults with respect to most respiratory functions. 
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Sixteen-year-old boys differ from adult males in that they 
breathe more rapidly, have a snaaller tidal volume, a higher 
concentration of oxygen and lower concentration of carbon 
dioxide in the expired air, and a lower oxygen consumption or 
heat production. 


TABLE 2 


Significance of age trend in ’basal respiratory functions, Me-examination of same 

100 children 



CHANGES BETWEEN THE AGES OP 
12 AND 14 TEABS 

14r-12 

CHANGES BETWBMN THE AGES OP 
14 AND 16 VEABS 

16-14 


Cf-irls 

1 Boys 

Girls 

1 Boys 


Mndiff 

C.B. 

Mndiff 

O.R. 1 

Mndiff 

C.R. 

Mndiff 

C.R. 

Ventilation 

rate/min. 

—0.40 

1.8 

+ 0.56 

1.3 

—0.53 

3.0 

-1.64 

6.8 

Ventilation volume 
liters/min. 

+0.34 

6.2 

+0.51 

7.7 

-0.52 

7.0 

-0.09 

1.5 

Ventilation volume 
l./sq.in./min. 

—0.15 

2.7 

—0.29 

6.5 

-0.50 

8.9 

—0.57 

15.9 

Tidal volume 
ec./breath 

+26.0 

5.3 

+15.0 

2.5 

—23.7 1 

5.0 

+30.1 

6.8 

Tidal volume 
ec./ sq.ni./breath 

—9,97 

2.8 

—29.1 

6.5 

—24.1 

7.0 

—12.6 

4.7 

Expired air 

%o. 

+0.06 

1.3 

—0.19 

5.2 

-0.42 ! 

7.1 

-0.51 

11.2 

Expired air 

%co. 

—0.04 

1.2 1 

+0.12 

4.7 

+0.35 

9.7 

+0.43 

12.8 

Alveolar air 

CO# tension 

—0,48 

1 

1.2 

+1.69 

5.2 

+0.84 

2.7 

+0.04 

0.1 

Oxygen consumption 
ec./min. 

+11.0 

5.3 

+29.1 

12.5 

-2.3 

1.3 

+23.8 

; 8.9 

Oxygen consumption 
ec./kg./min. 

—0.57 

13.5 

—0.54 

10.4 

—0.41 

8.7 

—0.54 

12.3 

Oxygen consumption 
cc./sq.ni./min. 

—10.3 

8.2 

—5.6 

3.6 

-9.0 

7.7 

—7.2 

5.3 

Heat production 
Cal./sq.m./hr. 

—2.88 

8.3 

-1.70 

4.0 

-2.73 

7.9 

—2.24 

5.5 


O.B. = critical ratio, calculated as =r:= 

PEmu diff 

Values greater than 4.0 indicate significant differences. 
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Significance of age difference in basal respiratory functions 


BASAL EESPIBATOEY FCTITOTIONS 


149 


+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

t>l> OOSHOkO 

COrHOWOiHOtOkOWoO® 

dooos doHodidiH 

+ !+ '!' I+ + + + + + 


3.9 

03 

d 

0.7 

03 

d 

03 

d 

o 

o 



03 


b- 

o 

a 

m 

d 

CO 

d 

tH 

d 

+1 


+1 

in 

+1 

+1 

tH 

b- 

»> 

o 


o 

CQ 

d 

d 

d 

d 


+ I + + 


+1 +1 -H +1 +1 +1 +1 +1 +1 +1 +1 +1 

Oi CO CO iH in o <o 


+ + 4 * 


cd e3 ^ 
tJ © nd 

•H ^ 


1 o" 1 8” 


s ’^^18 

KTI KTl 


O.B. critical ratio, calculated as 



150 


ITATHASr W. SHOOK AND MAYO H. SOLBY 


DISCUSSION 

It is interesting that G-riffith et al. (’29), Hafkesbring and 
Bergstrom (’27), and Hafkesbring and Collett (’24), found 
respiratory volumes wbieb, if reduced to standard conditions 
of temperature and barometric pressure, fall witbin the range 
of our subjects of the same age and sex. The same groups 
of authors also reported carbon dioxide and oxygen contents 
of expired air s imil ar to those in our series. A comparison 
of the respiratory volumes of our subjects "with those of 
Trumper (’29), however, indicates that the individuals whom 
be studied were hyperventilating. This difference may be 
accounted for by the fact that our subjects were trained by 
repeated testings. 

The average values for alveolar CO 2 tension which we have 
obtained are significantly higher than those reported by 
Griffith et al. (’29), for subjects of a comparable age. Our 
values are also higher than those reported by Radsma, Streef 
and Klerks (’33) in a group of ninety-five adults tested in 
the tropics. We are not prepared to say whether or not 
this difference can be attributed to climatic factors. Berconsky 
and Bossignoli (’32) also obtained slightly lower averages on 
a group of nineteen adult females. Our values are also slightly 
higher than those usually quoted in the literature from Fitz- 
gerald and Haldane (’04), although it should be pointed out 
that basal conditions were not observed in tests made by 
Fitzgerald and Haldane. The higher values reported here 
are in closer agreement with the average values for CO 2 
tension in arterial blood of 45.9 in fourteen males and 43.2 
in seven females found by Shock and Hastings (’34). 

Our average values for basal oxygen consumption of boys 
are, like those reported by Bierring (’31), 7 to 10% lower 
than the extensive series reported by Boothby, Berkson and 
Dunn (’36). This discrepancy may be due to the training 
period used in both our experiments and those of Bierring, 
although the number of cases in our series exceeds that of 
any previous studies made at this age level. In the case of 
girls our values are again 5 to 8% lower than most of those 
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reported in the literature, with the exception of the results 
of Benedict and Hendry (’21). However, their experiments 
were conducted on sleeping girls under experimental condi- 
tions that were quite dijfferent from the usual clinical pro- 
cedure. At the higher age levels Stark (’32), Tilt (’30), 
McKay ( ’30) and Coons ( ’31) have reported values compara- 
ble to ours, although the number of subjects tested was smaller. 

It is apparent from tables 1 and 2 that although total venti- 
lation volume, total oxygen consumption and tidal volume tend 
to increase with age, when the factor of increase in physical 
size is removed these variables decrease as the subject grows 
older. Examination of the coefficients of variation, given in 
parentheses in table 1, shows also that reducing these measure- 
ments by factors involving the size of the body makes the 
results more homogenous. This decrease in variability as 
expressed by the coefficients of variation (shown in table 1) 
is not large in certain of the measurements, but the con- 
sistency of the trend is significant. It is evident that calcu- 
lated surface area is a better measurement of body size than 
is body weight alone, probably because, in adults especially, 
body weight is influenced often by increased water and fat 
without an increase in metabolizing protoplasm. 

In measuring the respiratory functions as described above, 
we have considered that values lying within ±: two times the 
probable error of the mean (P.E.Mn) may be regarded as 
normal, that values lying within ±3 P.E.nn are high or low 
normals, and that values ±4 P.E.mb are definitely abnormal. 

In this way it is possible to use these mean values as stand- 
ards in order to determine whether or not an individual is 
hyperventilating. Hyperventilation will result in a) increased 
respiratory volume per minute or per square meter per 
minute, b) increased tidal volume per breath or per square 
meter per breath, c) lowered concentration of carbon dioxide 
and increased concentration of oxygen in the expired air 
and d) lowered alveolar carbon dioxide tension. 
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STJMMAKY 

We have tested a group of fifty male and fifty female 
adolescents, and a group of forty-six adult males and forty 
adult females; and liave recorded the respiratory rate, the 
respiratory volume per minute, the tidal volume, the oxygen 
and carbon dioxide concentrations in the expired air, the 
oxygen consumption and the alveolar carbon dioxide tension. 
We have found evidence for growth changes over the ado- 
lescent period in certain respiratory functions, such as CO 2 
and O 2 content of expired air, alveolar CO 2 tension and tidal 
volume, which have not been reported before. These measure- 
ments may serve as normal figures in the age groups from 
10 to 20 years. We have pointed out some of the criteria 
of hyperventilation. 

CONCJLTJSIONS 

1. In boys, the minute respiratory volume increases between 
the ages of 12 and 14 years, due to an increase in body size. 

2. In boys, the respiratory rate decreases between the 
ages of 14 and 16, the tidal volume increases, the concentration 
of oxygen in the expired air decreases, and the expired carbon 
dioxide increases. 

3. In girls, the respiratory volume and tidal volume in- 
crease between the ages of 12 and 14 years. 

4. The composition of the expired air in girls changes be- 
tween the ages of 14 and 16 as it does in the boys, but the 
change is not so clearly defined. In boys there is a significant 
increase in alveolar CO 2 tension between the ages of 12 and 
14 years. No significant change in alveolar CO 2 tension was 
found in girls. 

5. The average oxygen consumption per minute increases 
from the age of 12 to 16 years in both sexes. In respect to 
body size there is a decrease in oxygen consumption. 

6. Most respiratory functions of 16-year-old girls are 
similar to those of adult females. 

7. Sixteen-year-old boys breailie more rapidly, have a 
smaller tidal volume, higher concentration of oxygen and 
lower concentration of carbon dioxide in the exgpired air 
and a lower total oxygen consumption than adult males. 
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study of the nutritional requirements of guinea pigs has been 
handicapped hy the diflSculty encountered in inducing these 
animals to eat synthetic rations. Differences of habit and 
anatomy make the form and consistency of the diet of far 
greater importance to guinea pigs than to rats. Goettsch and 
Pappenheimer (’31), Madsen, McCay and Maynard (’S3, ’35) 
and Hogan and Ritchie ( ’34) have reported experiments with 
guinea pigs on purified diets. The present communication 
deals with such experiments and with evidence which, in ad- 
dition to that recently adduced by Kohler, Elvehjem and Hart 
(’38) indicates the existence of a distinct dietary factor re- 
quired by guinea pigs. 

^ Aided by grants from the Board of Research and th-e College of Agrieultoxe of 
the University of California, Rockefeller Foundation of New York City, and 
Merck and Company, Inc. The following materials were generously contributed: 
thiamin (betaxin) and riboflavin by Winthrop Chemical Co., Inc., vitamin Bi con- 
centrate by Merck and Co., Inc., wheat germ by General Molls, Inc. and brewers^ 
yeast by The Vitamin Pood Co. 
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EXPERIMENTAL 

800 804 

24 24 

64 50 

14 

4 4 

4 4 

2 2 

2 2 

O 10 parts C= 10 parts 

brewers ^ brewers * 
yeast yeast 

*Acid precipitated casein subjected to two 24-bour extractions with cold 66% 
(by volume) alcohol, followed by extraction with 95% alcohol to facilitate drying* 
* Prepared by the method of Richardson and Hogan, '36. 

Diet 797 -was prepared for feeding by mixing the casein, 
sucrose and salts and adding the mixture gradually to boiling 
distilled "water (200 cc. water to 1 kg. dry mixture) "with con- 
stant stirring. When about three-quarters of the mixture was 
dissolved, one-half the agar was stirred in. After removal 
from the fire the remaining dry mixture was added and, 
finally, the remainder of the agar. The rapidly thickening diet 
was poured out on a slab to cool. 

This diet was supplemented with: 

a. Three cubic centimeters orange juice, 1.5 gm. brewers’ 
yeast, 4 drops each of cod liver oil, wheat germ oil and ethyl 
linoleate daily. 

b. Five cubic centimeters orange juice, 1.5 cc. yeast extract, 
3 gm. brewers’ yeast, 4 drops each of cod liver oil and wheat 
germ oil daily. 

Diets 800 and 804 were prepared similarly, but the casein, 
salts and yeast extract were mixed separately and added to 
the cooling syrup. 

The guinea pigs were kept on sha’rings. Water was always 
available. Except when fed by medicine dropper or stomach 
tube, all supplements were placed in indi-Tidual feeding com- 
partments. 


The diets used were as follows : 

Lil 

Casein (alcohol extracted)* 22 

Casein (commercial) 

Sucrose 70 

Lard • * 

Salt mixture (McCollum 185) 4 

Agar 4 

Cod liver oil 
Wheat germ oil 
Yeast extract* 
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In a preliminary experiment five guinea pigs, 24 to 30 days 
old, were placed on diet 797 plus supplements a (a diet found 
to be completely adequate for rats wlien one-balf the quantity 
of supplements was given). Although the diet was eaten 
readily at first, the animals failed rapidly. After a month 
two of the guinea pigs had died and the remaining three were 
weak and in poor muscle tone. They ate almost none of the 
basic diet and were losing interest in their supplements. The 
fur was generally dull and rough, with loss of hair from the 
upper sides. 

On the thirtieth day of the experiment, the surviving animals 
were given 30 gm. (fresh weight) of the outer leaves of 
lettuce. (The heavy mid-rib was not weighed nor fed). 
Within a few hours supplements which were virtually refused 
the day before were eaten greedily. Consumption of the 
basic ration increased greatly. Within 3 days the previously 
listless guinea pigs had energy enough to run about their 
cages and whistle loudly. They were continued on the ex- 
periment for 145 days, at which time they had gained an 
average of 344 gm. 

There seemed two possible explanations of the results: 
1) that lettuce contained a hitherto unrecognized factor neces- 
sary for guinea pigs but not for rats ; or 2) that it increased 
one of the known factors already present above the minimal 
level required by this species. The lack of symptoms similar 
to those arising from deficiency of the known fat soluble 
vitamins seemed to indicate that the fat-soluble vitamins 
were not concerned. The animals showed no visible signs 
of scurvy. Groettsch and Key ( ’28) and Eddy ( ’29 ) have shown 
that 3 cc. of orange juice daily would supply sufficient vitanoin 
C. Direct evidence that vitamin 0 was not concerned was 
afforded when the amount of orange juice was doubled on the 
twenty-fifth day without alleviating the deficiency. The in- 
effectiveness of orange juice also shows that vitamin P ** was 

^Zilva (’37) was imable to repeat the experiraents which B^ntsath, Eusznydk 
and Szent Oyorgyi (’36) made on guinea pigs and questions the existence of 
Titamin P in connection with the nutrition of this species. 
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not the missing factor. There remained only the vitamin B 
complex to consider. This was supplied in the supplement by 
1.5 gm. of brewers’ yeast. At the start of the experiment we 
had intended to feed twice this quantity, hut it was only with 
difficulty that our animals could be induced to eat even as 
much as 1.5 gm. 

Owing to the refusal of the animals to eat larger quantities 
of yeast and the difficulty of training them to eat from supple- 
ment dishes, a yeast extract was substituted for yeast. In 
this way the supplements could be fed by medicine dropper. 
Guinea pigs placed on diet 797 failed just as quickly when 
supplements b were supplied as they had with supplements a. 

In order to make certain that we were dealing with a 
specific need of guinea pigs whether quantitative or qualita- 
tive, not shared by rats, we performed feeding tests with rats. 
Six female rats placed at weaning on diet 797 plus supplements 
b in one-half the quantity given to guinea pigs, averaged 170 
gm. in weight after 8 weeks. The rats were continued on the 
diets for 6 months and remained in good condition. 

The possibility that the quantitative need for vitamin Bi 
was not supplied in the yeast or yeast extract presented 
itself. Hence it was thought advisable to check the question 
directly. Six litters of guinea pigs 25 days old were segre- 
gated into five groups. They were placed on diet 797 plus 
supplements b for 10 days, at the end of which time they had 
lost an average of 36 gm. One of these groups was then 
given 30 gm. of the fresh outer leaves of lettuce. A second 
group received similar portions of lettuce which had been 
heated on open trays in a steam chamber for 1 hour at 100 °C. 
There were no significant differences between the gains made 
by the guinea pigs receiving the fresh lettuce and those re- 
ceiving the heated lettuce. 

A third group received an aqueous extract of lettuce (LC2) 
o 25 gm. fresh lettuce. The extract was prepared by extract- 
ing 1 kg. freshly ground lettuce with 10 liters of distilled 
water at room temperature, followed by 12 hours at 2°0. The 
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filtered extract was concentrated under reduced pressure 
(temperature 35° to 40°O.) to a thick syrup (volume 20 ce.). 

The guinea pigs receiving this extract made gains com- 
parable with those receiving the fresh and the heated lettuce. 
The fourth group received 800 micrograms of a highly purified 
Bi concentrate from rice polishings. This concentrate, when 
assayed at 400 micrograms with rats depleted of vitamin Bi 
on the Sherman-Chase diet, produced a gain of 115 gm. (aver- 
age of four females) in an 8-weeks’ test period. The guinea 
pigs received the vitamin Bi rich yeast extract as well.® The 
animals failed to gain. 

The fifth group received 3 gm. of defatted wheat germ. 
The wheat germ used had been extracted with a high grade 
petroleum ether. Some of this same extracted wheat germ 
was used for the preparation of the wheat germ autolysate 
subsequently fed and used in other experiments in this labora- 
tory and was known to be rich in vitamins Bi and Be. These 
guinea pigs failed to gain. 

The results of these experiments are summarized in table 1. 

As the feeding of considerable quantities of liquid involved 
much time and labor, the substitution of rations with incor- 
porated vitamin supplements was attempted. 

Diets 800 and 804 supplemented with ascorbic acid gave 
results identical with diet 797 plus supplements h. The pres- 
ence of lard in diet 804 seemed without effect. The guinea 
pigs responded quickly when given 40 gm. of fresh lettuce 
daily (table 2). 

Although all the evidence indicated that the factor witb 
which we were dealing was water soluble, it seemed advisable 
to check this point more thoroughly. Grass (timothy lawn 
trimmings) was chosen as a starting material (a pilot experi- 
ment had demonstrated its growth-stimulating activity). 

'Four rats, after a preliminary 2 weeks' depletion period on the Sherman- 
Chase diet, gained an average of 138 gm. in the succeeding 8 weeks on the 
equivalent of 1 gm. brewers' yeast as extract. The average gain with 20 micro- 
grams of thiamin was 135 gm. 
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An aqueous extract was prepared by extracting 6 kg. of 
fresh grass with 30 liters of distilled water for 1 hour at 85° 
to 95 °C. The extract was filtered and concentrated to a thick 
syrup under reduced pressure (temperature 35° to 45°C.). 
One cubic centimeter of this extract (GCl) was equivalent to 
8 gm. of the fresh grass. This extract was fed by stomach tube 
to guinea pigs previously depleted on diet 800 plus 5 mg. 


TABLE 1 

Growth respoTises of guinea pigs held on purified diet 797 to lettupOf vitamin Bx 
concentrate and wheat germ 


TEST SEPPIjEiMENT 

NUMBEE. 
OP OiriNBA 
PIGS 

OHANGE IN WEIGHT 
10 DAYS BEPORB 
TEST SUPPIEMENT 

CHANGE IN WEIGHT 
10 DAYS AFTER 
TEST SUPPLiBMENT 

30 gm. fresh lettuce 

5 

—29 

+20 

30 gm. heated lettuce 

Aqueous lettuce extract (LC2) O 

3 

—48 

+17 

25 gm. fresh lettuce 

800 mierograms vitamin Bi con- 

2 

-38 

+16 

centrate 

4 

-26 

-5 

3 gm. defatted wheat germ 

2 

-53 

—18 


TABLE 2 

Growth responses of guinea pigs held on purified diets 800 or 804 to lettuce 


DIET 

TEST SUPPLEMENT 

NUMBER 

OP GUINEA 
PIGS 

CHANGE IN WEIGHT 
10 DAYS BEPORE 
TEST SUPPLEMENT 

CHANGE IN WEIGHT 
10 DAYS AFTER 
TBIST SUPPLEMENT 

804 

40 gm. fresh lettuce 

2 

—54 

+53 

800 

40 gm. fresh lettuce 

3 

—33 

+39 


ascorbic acid. Significant gains were made when it was fed 
at a level equivalent to 25 gm. of fresh grass. 

An ether extract was prepared from 1500 gm. of air dried 
grass (moisture content 4.5%). The grass was extracted 
three times with 25 liters of peroxide-free ether. The ex- 
tract was filtered, concentrated to about 300 cc., washed with 
water and finally freed of solvent. The yield was 20.3 gm. of 
a dark green waxy material melting above 100° 0. It was 
diluted with ethyloleate so that 1 cc. o 80 gm. of fresh grass. 
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This solution ((1C2) melted at about 35°0., and was fed warm 
with a dropper. The guinea pigs failed to respond to this 
extract. 

These results are summarized in table 3. 


TABLE 3 

Growth responses of guinea pigs held on diet 800 to grass preparations 


TEST STJPPU&MBNT 

NTTKBEB 
OP OUIKBA 
PIGS 

OHANGB IN WEIGHT 
10 DATS BBSPORB 
TEST SUPPLEMENT 

CHANGE IN WEIGHT 
10 DAYS APTEB 
TEST SDPPLEMENT 

Air dried grass O 30 gm. fresh 
grass 

3 

—25 

+ 32 

Aqueous grass extract (GOl) 

O 25 gm, fresh grass 

3 

-11 

+27 

Ether extract (G02) of grass 

O 80 gm. grass 

2 

-29 1 

-22 


As the necessary factor was water soluble and relatively 
heat stable, the possibility existed that some part of the 
vitamin Bg complex was not supplied in sufficient quantity 
in the yeast extract. Riboflavin and rich sources of Be and 
‘filtrate factor (s)’ were then tested. Three guinea pigs de- 
pleted on diet 800 plus 5 mg. ascorbic acid for 10 days were 
given 50 micrograms daily of crystalline riboflavin (lactoflavin, 
Winthrop). Five days later two of the animals had died. 
Increasing the dose to 100 micrograms failed to benefit the 
survivor. Vitamin Bg was supplied as a wheat germ autolysate 
(Birch and Gyorgy, ’36) and as a crude water extract of 
liver. Filtrate factor was given as crude liver extract and 
as the filtrate after the adsorption of this liver extract on 
fuller’s earth. All extracts were administered by stomach 
tube. 

The liver extract was made by placing 5 kg. of fresh, finely 
ground hog liver in 5 liters of distilled water. The mixture 
was heated gradually to 60° C., held at this temperature for 
15 minutes, then brought to the boiling point and boiled for 
5 minutes. After filtration through cheese cloth, the residue 
was re-extracted in the same manner using 500 ce. of dis- 
tilled water per kilo of original liver. The combined filtrates 
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were filtered througli Supercel and concentrated nnder re- 
duced pressure to 1250 cc, A 750 cc. portion was concentrated 
to 325 cc. and this designated as crude liver extract. 

Filtrate factor was prepared as follows : the remaining 500 
cc. of the original liver extract was treated with two volumes 
of alcohol. The filtrate was freed of alcohol and adsorbed 
six times with 100 gm. portions of fuller’s earth, shaking each 
time for J hour. The filtrate was concentrated to 200 cc. 

The wheat germ autolysate was fed daily at a level equiva- 
lent to 4 gm. of the original wheat germ for 5 days without 


TABLE 4 

Growth responses of guinea pigs held on diet 800 to components of the vitamin 

complex 


TBST StrPPnSMEKT 

NUMBER 
OP GiriSEA 
PIGS 

CHANGE IN WEIGHT 
10 DAYS BEPORE 
TEST SUPPIJBMBNT 

CHANGE IN WEIGHT 
TEST SUPPLEMENT 

10 DAYS APTBB 

50 micrograms rihofiavin ^ 

3 

—58 

—35 

(1 survivor) 

Wheat germ autolysate® 

O 4.0 gm. wheat germ 
Crude liver extract 

3 

—32 

—7 

(1 survivor) 

O 40 gm. fresh liver 

Liver filtrate 

3 

—26 

None survived 

040 gm. fresh liver 

3 1 

—23 

None survived 

^Synthetic’ B complex 

3 1 

—31 

—12 

(1 survivor) 


^ Increased to 100 micrograms on fifth day. 

* Increased to equivalent of 6 gm. on fifth day. 


effect. It was then increased to the equivalent of 6 gm. daily 
but still failed to alleviate the deficiency. This is six to eight 
times the amount necessary to produce m ax im a, 1 growth in rats 
on a vitamin B complex-free diet supplemented with thiamin^ 
riboflavin and filtrate factor, and twenty to thirty times the 
amount found by Birch, Giyorgy and Harris (’35) to cure 
dermatitis and produce gains of 40 gm. in 4 weeks. 

Crude liver extract and the filtrate prepared from it after 
the adsorption of Bi, riboflavin and Bg by fuller’s earth were 
both fed at levels equivalent to 40 gm. of fresh liver daily. 
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Neither of these preparations showed activity. In regard to 
Be, Birch, Gyorgy and Harris found the equivalent of 5 gm. of 
fresh liver daily was sufficient to support maximal growth 
in rats. This laboratory has found that the same liver filtrate 
fed at levels equivalent to 5 gm. of fresh liver daily was suffi- 
cient to support maximal growth in rats on diets lacking in 
filtrate factor. 

Although tests of the individual members of the B complex 
had shown these factors to be ineffective in promoting growth 
in deficient guinea pigs even at high levels, the possibility 
existed that more than one of the factors was needed in large 
amount. A ‘synthetic’ vitamin B complex was made up so 
that each animal received daily 100 micrograms of thiamin 
(Winthrop betaxin), 200 micrograms of pure riboflavin 
("Winthrop lactoflavin) and assayed preparations of wheat 
germ autolysate equivalent to 8 gm. of wheat germ and liver 
filtrate equivalent to 20 gm. of liver. The feeding simultane- 
ously of high levels of all the B factors definitely established 
as necessary for rats did not stimulate growth. 

These results are summarized in table 4. 

DISCUSSION 

Where our work has been similar to that of previous in- 
vestigators, the results are in general accord. Goettsch and 
Pappenheimer ( ’31) and Madsen, McCay and Maynard ( ’33, 
’35) reported that most of their animals either refused to 
eat their synthetic diet or died within a 3 months’ period. 
Only two animals are reported by the first mentioned authors 
to have lived longer than 45 days. Madsen, McCay and 
Maynard had fair success when they substituted an ‘AD con- 
centrate’ for cod liver oil in the diet. Eight out of ten animals 
survived, and ‘several doubled in weight’ during 70 days. 
This study was conducted particularly in reference to the 
development of muscular dystrophy which invariably occurred 
in guinea pigs reared on the cod liver oil containing diets. 
Growth on rations containing AD concentrates was superior 
to that of cod liver oil and dystrophy developed at a later 
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period. These investigators used cornstarch as the carbo- 
hydrate in their diets. 

Preliminary experiments not here reported seemed to indi- 
cate that the inclusion of dextrinized cornstarch in the diet 
enabled guinea pigs to maintain themselves, or even gain for 
a variable period. Hogan and Ritchie ( ’34) reported that a 
cornstarch containing diet including 15% yeast gave rather 
indifferent growth when fed to guinea pigs, but when 2% 
tUdtiki was added excellent growth was observed. In further 
preliminary experiments carried out in this laboratory, the 
inclusion of 15% Northwestern yeast led to definite weight 
gains. These authors attach considerable importance to the 
quantity of roughage in the diet. Proof that roughage does 
not play a part in the deficiency we have described is furnished 
by the fact that the deficiency could be cured by extracts. 

The failure of guinea pigs to grow or maintain themselves 
on a purified diet, shown to be adequate for rats, seems to 
be due to their need for a distinct dietary factor (or factors) 
and not to a quantitative difference between their require- 
ments and those of rats for the established vitamins. That 
fats per se play a part seems to be largely ruled out by the 
similar behavior of guinea pigs on diet 804 (containing 14% 
lard) and diet 800 (fat-low). The fat-soluble vitamins seem 
definitely excluded. They were supplied at high levels and 
more important, ether extracts of materials potent in curing 
the deficiency had no effect. Turning to the water soluble 
vitamins, the factor under consideration is distinct from vita- 
min C, for this vitamin was supplied in more than adequate 
quantities in the deficiency producing diets. Information re- 
garding the necessity of vitamin P for guinea pigs has been 
conflicting, but all agree that no evidence of such a need 
appears in animals receiving adequate amounts of vitamin C. 
The fact that the deficiency appeared in animals receiving 
abundant 0 in itself shows that the missing factor cannot be 
vitamin P. Guinea pigs invariably failed on diets in which 
the vitamin B complex was supplied as yeast or yeast extract 
in amounts twice those shown to be adequate for rats. The 
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feeding of the four definitely establislied B factors indi- 
vidually in amounts greatly in excess of that required to pro- 
duce maximal growth in rats, failed to save deficient animals. 
Feeding these same factors simultaneously at high levels 
was also without effect. It seems extremely unlikely that 
the amounts of lettuce or grass necessary to cure the deficiency 
could contain the quantity of B factors supplied by these con- 
centrates. The unimpaired potency of heated lettuce is further 
evidence against the identity of the factor with Bi. Yeast 
and liver, potent sources of the entire vitamin B complex, 
and wheat germ, an excellent source of Bi and Bg, are rela- 
tively low in the factor necessary for guinea pigs, while let- 
tuce and grass, conceded to be poor in the B complex, have 
this essential factor in high concentration. 

Since this work was completed ( ’37) Kohler, Elvehjem and 
Hart (’38) have published conclusions substantially the same 
as ours. Although they approached the problem from a dif- 
ferent viewpoint and used a diet of mineralized winter milk 
entirely unlike the diets described here, our findings are in 
accord on all points. There would seem every reason to 
believe that we are both dealing with the same factor, 

SUMMARY 

1. A highly purified diet which is readily eaten by guinea 
pigs is described. 

2. This diet failed to support guinea pigs, although supple- 
mented with abundant orange juice and sources of the other 
vitamins in quantities twice those required by rats fed on 
this diet. 

3. If small quantities of lettuce are included in the supple- 
ment, guinea pigs will grow normally for considerable periods. 

4. The factor present in lettuce is also found in grass. 

5. It is water soluble, fairly stable to heat (100°C. for 1 
hour) and drying. 

6. This factor appears distinct from the known water soluble 
vitamins for the latter were fed in large amounts without 
alleviating the deficiency. 
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7. The factor appears to be identical "with that described 
by Kohler, Elvehjem and Hart. 

We "wish to thank Prof. Herbert M. Evans for his sugges- 
tion of the theme of these experiments and his kind interest. 

AD'DENDUM 

After this paper was sent for publication a communication 
appeared by Kohler, Eandle, Elvehjem and Hart (’39), who 
found that two unknown factors were necessary for guinea pigs 
when maintained on purified diets, namely, the grass juice 
factor and a factor necessary for the maintenance of a normal 
stomach lining. Grass was found to be high in the former, 
low in the latter. 
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THE MINIMUM VITAMIN A AND CAEOTENE 
EEQUIEEMENT OF THE EAT ^ 

H. GOSS AND H. B. GUILBEBT 
Division of Animal Suslam^dry, College of Agriculture, 

University of California, Davis 

(Eeceived for publication Maxell 24, 1939) 

Previous communications from this laboratory (Guilbert 
and Hart, ’35; Guilbert, Miller and Hughes, ’37) presented 
data on minimum vitamin-A requirements of cattle, sheep, 
and svdne. The minimum was defined as the amount fed 
daily that just prevented night blindness; and the evidence 
indicated this amount to be a physiblogical minimum as re- 
gards growth, general well-being, and freedom from detect- 
able clinical symptoms. Little or no storage occurred at these 
levels. 

After these experiments a quantity of the same batch of 
oil used with cattle, sheep, and swine was saturated with COa 
and stored at — 10°C. for future reference. This cod liver 
oil and a sample of U.S.P. reference cod liver oil have now 
been utilized in parallel experiments with rats, thus enabling 
us to interpret previous results in terms of the reference oil. 
The requirement of the rat has also been studied by means 
of a technic as similar as possible to that used for larger ani- 
mals ; and the relation of the vitamin A and carotene require- 
ments to body weight has been further tested with this species. 

METHODS OP PEOOEDTJEB 

Criteria used to determine minimum requirements. Pre- 
liminary investigations showed that procedures involving 
testing of vision are impracticable in the rat. Differences in 
sensitivity to light as indicated by contraction of the pupil, 

* TMs report is part of an investigation on the relation of nutrition to repro- 
duction 'which became cooperative with the United States Department of Agri- 
culture, Bureau of Animal Industrj on July 1, 1929. 
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could not be detected in deficient animals. Wagman and Gull- 
berg (’38) found, furthermore, by means of an infra-red 
photogfrapMc technic that no significant difference in rate of 
pupil dilation depending on vitamin-A intake could be demon- 
strated. We, therefore, adopted the vaginal-smear method, 
since aberration from normal cyclic changes is the first de- 
tectable symptom of vitamin-A deficiency thus far reported 
for the rat. Changes in the vaginal epithelium of the rat 
after vitamin-A deficiency, first observed by Evans and Bishop 
(’22), have served many workers as a basis for determining 
vitamin A. These changes are described in detail by Mason 
and Ellison (’35). Although most workers agree that the 
continued presence of cornified cells in the vaginal smear is 
a good index of vitamin-A deficiency, some investigators 
(Coward, ’38) find difficulty in estimating slight responses to 
small doses. In the work presented here we have endeavored 
to eliminate this difficulty by using groups of rats which had 
been depleted of vitamin-A stores and which were then treated 
with daily doses of vitamin A, constant in respect to body 
weight. The test period was 60 days or longer. 

Different subminimal levels produced characteristic varia- 
tions from the normal vaginal-smear picture during the 
estrous cycle. These variations from normal were remark- 
ably constant over long periods when the daily dose remained 
constant with respect to individual body weight. The rhyth- 
mic changes of the normal vaginal smear as described by 
Long and Evans (’22) are designated in this paper by the 
following abbreviations : 

‘0/ principally round, nneleated epithelial cells; 

*corn/ cornified cells; 

Heac,^ cornified cells disappearing, leucocytes and epithelial cells "with few 
if any cornified cells; 

^le,’ scant, *dry> smear, consisting of leucocytes and epithelial cells with few 
if any cornified cells. 

For convenience in reporting the data we have arbitrarily 
classified the daily vaginal smear records as follows : Class 1 
(normal), o, corn, leac, le, o, com, leae, le, etc.; class 2, o, 
com, corn, leac, o, corn, corn, leac; class 3, com, com, leac, 
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leac, corn, corn, leac, leac ; class 4, corn, corn, corn, leac, corn, 
corn, corn, leacj class 5, continuonsly comified cell smears. 
As the level of vitamin-A intake was lowered, the amount 
and persistence of comified cells progressively increased until 
they appeared continuously and masked the rhythmic changes 
that may have continued in the ovary. At low levels of in- 
take, regular cycles could he discerned by less copious smears 
and by the appearance of leucocytes and epithelial cells at 
(apparently) the diestrous interval even though comified cells 
did not entirely disappear. The lowest level of vitamin-A 
intake that maintained a normal vaginal-smear picture with 
a scant diestrous smear containing practically no comified 
cells is considered the minimum in this investigation. 

Though the classification just given is arbitrary and though 
only 4-day cycles are represented, there was no difficulty in 
classifjdng animals with 5- and 6-day cycles. Individual 
vaginal-smear records were scored according to this classi- 
fication, and these were averaged to obtain a nxunerical ex- 
pression for the vaginal-smear record for each group. 

Analysis of cod liver oils. IFnsaponifiable fractions of both 
the U.S.P. reference oil and no. 760, the oil used in the pre- 
vious experiments, were analyzed at the beginning and the 
end of the experiments with a Hilger Vitameter A. Holmes 
and Corbet (’37) reported the isolation of crystalline vitamin 
A having a value for == 2100. The following tabulation 
gives the vitameter determinations on both oils, using first 
Ejtm. = 1600, the value assigned by Carr and Jewell (’33), 
and then = 2100, the value reported for crystalline 

vitamin A. The figures (1) and (2) following the designation 
of the on represent values obtained during the earlier and 
the present experiments respectively. 


OOD LIVER OIL 

•CT 1% 

PER CENT 
VITAMIN A 

PER CENT 
VITAMIN A 

®iom.=2100 

U-SJ-Eef. (1) 

1.31 

0.082 

0.062 

IT.S.P. Eef. (2) 

1.32 


0.063 

No. 760 (1) 

1.32 


0.063 

No. 760 (2) 

1.35 

0,084 

0.064 


THE JOtnaNAL OE NETRITIOK, VOIj. 18, NO. 2 






172 


H. GOSS AND H. B. GUILBBKT 


Judging from the results, the potency of oil no. 760 did not 
change during the various experiments, and the extinction 
eoeflScients of this and the TJ.S.P. reference oil were the same. 
Our value for the reference oil, == 1.32, is exactly that 
foimd by McParlan, Eeddie and Merrill (’37). Considering 
the reference oil to contain 3000 I.U. per gram, the conver- 
sion factor would then he 2270. This E value is also within 
the range obtained by various investigators and reported by 
Irish (’36), Wilkie (’38) and Hume and Chick (’35). Since 
the physical constant of Holmes and Corbet (’37) is based 
upon a more highly purified form of vitamin A, we have used 
the value 0.063% vitamin A for both oils. Dosage is calcu- 
lated and forrner results are revaluated on this basis. The 
cod liver oils were diluted with cottonseed oil for feeding. 

Carotene. The crystalline carotene was obtained from the 
S.M.A. Corporation and was from the stock used in the pre- 
vious experiments with sheep and swine. It contained about 
88% beta and 12% alpha carotene. A stock solution was made 
containing 0.31% ® carotene in cottonseed oil. From this 
stock for daily use, was prepared a more dilute solution con- 
taining 0.05 microgram of carotene per milligram of oil. Only 
enough dilute solution to last about 1 week was made at one 
time. Colorimetric analysis was made at frequent intervals 
throughout the experiments, both on the stock solution and 
on the solution used for feeding. The stock solution was kept 
in the dark at 15°C. 

Dosing of rats. The oil solutions containing vitamin A or 
carotene were administered daily per os from a 2 cc. hypo- 
dermic syringe fitted with a no. 26 needle. The tip of the 
needle was ground off squarely, and each tip calibrated for 
delivery of one drop of oil. Eepeated weighings of drops of 
oil showed that the variation in the amount delivered did not 
exceed ±5%. All levels of dosage were maintained constant 
with respect to body weight. The rats were weighed every 
5 days, and the dosage calculated for the next 5 days for each 
weight. 

* Colorimetric determination using dje standard matched against pure beta 
carotene M.P. 184 ®C. 
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Animals used and hosed diet employed. During the last 
10 days of lactation the stock colony diet of the mother rats 
was replaced by the vitamin A-free basal diet. The young 
female rats used in the experiments were placed on. the basal 
diet when they were weaned at 21 days of age. The composi- 


tion of this diet was as follows: 

% 

Cornstarch 67 

Casein, heat treated, 7 days at 100 ®C. 20 

Brewer’s yeast, irradiated 5 

Cottonseed oil 5 

Salt mixture no. 351 (Hubbell et al., ’37, p, 276) 3 


lOO 


EESULTS 

Depletion time. Vitamin-A therapy was instituted when 
individuals had shown continuous cornification of the vaginal 
smear for 5 successive days. Control rats receiving no sup- 
plement at this time were never observed to return to a nor- 
mal smear. We refer to the beginning of this period of 


TABLE 1 

Summary of ^00 rats on 'basal diet from weamng to time of vitamm-A depletion 



WEIOHT AT 

21 DATS 

VAaX17AL SMISAK BDOAMB 
OONTlNtrOfUSLY OOBNITIED 

Age 

Weight 


gm. 

days 

gm. 

Mean 

46.0 

53.1 

165 

Standard error 

±0.32 

±0.32 

±0.45 

Coeflcient of Tariation 

9.8% 

8.7% 

3.9% 


continuous cornified smear as the time of depletion. Table 1 
summarizes the results with 200 rats up to the time of deple- 
tion as defined above. 

Fifteen untreated controls continued to gain weight for an 
average period of 27 days after the appearance of continuous 
cornified smears and reached an average weight of 200 gm. 
Subsequently they developed other typical symptoms of vita- 
min-A deficiency, declined in weight and died. 



174 


H. GOSS AND H. E. GUILBEET 


Minimum vitamin A and carotene requirement of the rat. 
Table 2 presents the data on all rats used in these experi- 
ments. The minimum level to maintain normal vaginal smears 
in all rats in a group was, for oil no. 760, between 4.6 and 
5.3 Mg* per kilogram body weight. Since five out of six rats 

TABLE 2 


JSffeot of varying levels of vitamin A and of carotene on vaginal smears of rats 


SOTOOB OP 
VITAMISr A 

NUMBER 
OF EATS 
IN GROUP 

NUMBER 
OP DAYS 
ON TEST 

DAILY INTAKE, 
VITAMIN A 

OB OAEOTENE, 

ILO. PER KILOGEAM 
BODY WEIGHT 

INDIVIDUAL 
VAGINAL SMEAR 
SCORES 

AVERAGE 
VAGINAL SMEAR 
SCORE 


r 

6 

65 

3.0 

444333 

3.5 

nij n 


6 

73 

3.8 

322211 

1.8 

no, 760 


6 

62 

4.6 

211111 

1.2 



6 

60 

5.3 

All normal 




6 

60 

6.1 

All normal 




6 

65 

3.0 

443333 

3.3 

U 8 P 


6 

73 

3.8 

221111 

1.3 

ref, oil 


7 

67 

4.6 

All normal 

1.0 


6 

60 

6.3 

All normal 




6 

60 

6.1 

All normal 




14 

70 i 

6 

44444444333322 

3.4 

Carotene - 


15 

70 

8 

443333222222222 

2.5 



12 

104 

10 

333322222211 

2.2 

Carotene + 







bile salts 


9 

104 

10 

332221111 

1.8 



15 

70 

11 

322222222221111 

1.8 



12 

104 

13 

322222111111 

1.6 



15 

70 

14 

222222211111111 

1.5 



12 

104 

15 

222111111111 

1.2 



6 

53 

20 

All normal 

1.0 

U LcIXo ^ 


6 

53 

40 

All normal 

1.0 



6 

53 

80 

All normal 

1.0 



5 

53 

200 

All normal 

1.0 



6 

53 

400 

All normal 

1.0 



6 

53 

600 

All normal 

1.0 


on the lower level were normal, the minimum level is proba- 
bly nearer 4.6 than 5.3. In terms of the U.S.P. reference oil 
the minimum level was between 3.8 and 4.6 pg* per kilogram 
body weight. Thus the reference oil showed slightly greater 
potency, although the extinction eoefi&cients were practically 
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equal. Based on the average group scores, 4.7 and 4.1 ng. 
per kilogram body weight may be taken as the minimum levels 
for oil no. 760 and the reference oil respectively. Since the 
dilutions and amo-unts of oil fed -were the same, the value of 
oil no. 760 may be calculated ,as 87 % that of the reference oil 
or 2600 XJ.S.P. units per gram. At each level of dosing, the 
average vaginal smear score -was slightly lower for the TJ.S.P. 
reference oil than for oil no. 760, a fact which probably means 
that ihere was more irrelevant absorption at the vitamin-A 
wave length in the latter oil. On the basis of the reference 
cod liver oil, the minimum level is 18 to 22 I.U. per kilogram 
body weight per day. 

Table 2 shows that the minimum level in terms of carotene 
lay between 15 and 20 |jg. per kilogram body weight. As 
Greaves and Schmidt (’35) have demonstrated, desoxycholic 
acid plays an essential role in the absorption of carotene in 
the rat. To test the effect of additional bile salt in normal 
animals, nine rats were given 1% desoxycholic acid in their 
basal ration and were held during the test period of 104 days 
on a 10 fig. per kilogram carotene level. Table 2 shows a 
slightly improved utilization of carotene in these rats. 

At autopsy, about 45 days after depletion, no storage was 
found in the livers of rats receiving the higher levels of vita- 
min A. On the other hand, some storage was found in rats 
on levels of 4 to 6 fig. per kilogram that were autopsied after 
90 days or more of vitamin-A dosage. Baumaim et al. (’34) 
found no storage after 4 weeks’ dosage at approximately 
twice our minimum level in rats that had been depleted to 
the stage of incipient xerophthalmia. Approximately four 
times our minimum level resulted in storage under like condi- 
tions. This apparent difference in minimum level to produce 
storage probably resulted from differences in the degree of 
vitamin-A depletion of the rats before dosage was commenced 
and in the length of period of dosage before autopsy was 
made. We could not demonstrate the storage of carotene in 
the livers of rats treated with carotene until a daily dose of 
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80 Mg-As- reached. This represents four to five times 
the minimum level to produce a normal vaginal smear. 

There was no significant difference in weight gains in any 
of the various levels of vitamin A or carotene dosage. Con- 
trol rats, however, before showing weight losses, attained the 
weight at which the growth curve normally flattens out. The 
conditions of these experiments are therefore not critical as 
regards minimum levels to support normal gains. The data 
do show, however, normal gains at the minimum level that 
prevented any abnormal degree of vaginal cornification. 

Chemical analyses were made upon the carcasses of a num- 
ber of rats from each group at the end of the test period on 
various levels of vita, min A. These were compared with 
analyses of controls taken at the beginning of the test period 
when vitamin A was depleted. The results revealed no sig- 
nificant dijBferences in the percentage composition of the 
tissues. 

Despite some variation in the character of vaginal smears 
between animals on the same level of vitamin-A intake, the 
vaginal-smear picture of individual rats remained remarka- 
bly constant after a period of 10 to 20 days following the 
institution of vitamin-A therapy. 

Effect of large single doses of vitamin A. Eats depleted 
to such a degree that they exhibited 5 days’ continuous corni- 
fied smears were given single doses at the rate of 150 and 
300 Mg* per kilogram body weight respectively. The time 
elapsing before vaginal cornification reappeared was re- 
corded. Several such tests were made on each individual. 
The results were as follows : 


Number of trials 


Mate of dosage 
fig. per leg. 


Number of days from dosing 
to reappearance of vaginoA 
cornification 


15 150 

10 300 


21.6±0.8 

27.6±:1.7 


As compared with daily dosing, the smaller of the single doses 
was about 70% efficient, and the larger about 45%. In a series 
of experiments by Greaves and Schmidt (’36) female rats 
which had been depleted of vitamin A as judged from the 
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vaginal-smear picture were given a large single dose of vita- 
min A (375 units). Their rats varied from 117 to 181 gm. 
when the dose was given and received protection for 23 to 
24 days. This dose is two to four times as great as in our 
experiments yet the period of protection was about the same. 
We can offer no explanation for this discrepancy except that 
the conditions of our experiments were probably not the same 
as theirs. It seems evident again from these experiments 
that the amount of vitamin A which can be absorbed and 
stored from one single dose, is limited. These results, which 
again confirm the findings of Baumann et al., emphasize the 
importance of daily feeding of small doses in determining the 
minimum level of vitamin A and carotene. 

DISCUSSION 

The minimum vitamin-A intake required to prevent vagi- 
nal cornification in the rat was found to be about 4.1 pg. per 
kilogram for U.S.P. reference cod liver oil and about 4.7 Mg* 
per kilogram for oil no. 760 on the basis of vitameter analyses. 
These results, converted to biological units on the basis of 
the reference oil, show the minimum requirement to be 18 to 
22 I.U. per kilogram body weight. This coincides with the 
data presented by Guilbert and Hart (’35) and by Guilbert, 
Miller and Hughes ( ’37) when similarly converted. The mini- 
mal carotene requirement for the rat was between 15 and 20 
Mg. per kilogram, an amount slightly lower than that found 
for domestic animals. 

The uniformity of response to definite levels of intake over 
periods during which body weight and stage of maturity 
changed significantly, together with the close agreement with 
previous data, confirms the relation of requirement to body 
weight. 

Eecognition and application of this fundamental principle 
to biological test procedures should still further reduce vari- 
ability of results. Adaptation of the method of procedure 
employed in these investigations has promising possibilities 
for routine biological testing. With a standardized procedure 
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the test period could be reduced to 4 weeks, and the same ani- 
mals could he used repeatedly. The method has an advantage 
over the vaginal smear methods previously used in that re- 
sponses to small doses can he measured. The advantage over 
the growth procedure apparently rests on the fact that only 
earliest manifestations of deficiency are involved, in contrast 
to more drastic pathological changes that may he present 
when growth ceases. These conditions undoubtedly contrib- 
ute to variation in growth response. The disadvantage is 
that the method is somewhat laborious. 

SUMMABT 

By means of a vaginal-smear technic and a daily dosing of 
rats at definite levels with respect to body weight, the mini- 
mum level to prevent vaginal cornification was found to be 
3.8 to 4.6 Mg. or 18 to 22 1.U. per day of vitamin A per kilogram 
body weight. 

Similarly, the minimal carotene level was between 15 and 
20 Mg* per kilogram body weight. No detectable storage oc- 
curred until a level of 80 Mg* per kilogram body weight per 
day was given. Large single doses were less eflSciently uti- 
lized than daily doses, the efficiency decreasing with increas- 
ing size of dose. 

Simultaneous administration of bile salts with carotene 
slightly increased its efficiency. 

The results confirmed previous data on the relation of 
vitamin-A requirement to body weight. 

The application of this principle to biological testing in 
general is discussed, together with the adaptability of the 
vaginal-smear technic used in these experiments for routine 
biological testing. 

We wish to acknowledge the technical assistance of Mr. 
E. W. Caldwell and Mr. A. N. Booth. 
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CONDITIONS AFFECTING THE CONTENT OF CHICK 
ANTIDEEMATITIS VITAMIN IN YEAST ^ 


W. H. PETEBSON AND C. A. ELVEHJBM 
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Yeast is an important sonrce of the B vitamins. • It is now 
recognized as a material rich in thiamine, riboflavin, nico- 
tinic acid and for years has been included in many experi- 
mental diets as a source of one or more of these essentials. 
While yeast may be a good source of the B vitamins, it is 
apparent that different yeasts vary greatly in their vitamin 
content. The well-fcaown difference between brewers yeast 
and bahers yeast is an example in point. The former is usu- 
ally five times as rich as the latter in vitamin Bi. Likewise 
some commercial bakers yeasts contain twice as much Bi as 
other samples. 

The most important factor affecting the Bi content seems 
to be the kind of medium in which the yeast is propagated. 
In a previous publication (Pavcek, Peterson and Elvehjem, 
’37) it was shown that bakers yeast contained about 10 inter- 
national units per gram of dry matter when grown in a grain 
wort medium, but only 5 international units when grown in 
a molasses-salts medium. The figure fell to about 3 inter- 
national units when the yeast was produced in a synthetic 
medium, glucose-salts. These same batches of yeast have 
now been assayed for their content of the chick anti-dermatitis 
factor and the results are given herein. Very few assays of 
yeast have been made with respect to this factor and none in 

^Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 
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relation to the medium upon which the yeast was grown. The 
recent demonstration of the relation of pantothenic acid to 
the chick antidermatitis factor increases the significance of 
these results. 


EXPEEIMENTAL 

Production of yeasts. The conditions under which the 
yeasts were grown, such as composition of medium, methods 
of aeration, period of fermentation, etc., have been described 
in detail (Paveek, Peterson and Elvehjem, ’37), and hence 
will not be repeated here. The procedures generally used in 
commercial practice were followed, and the yields were ap- 
proximately those obtained in the industry. Likewise the 
vit 9 ,min Bi content of the experimental yeasts were essen- 
tially the same as those of commercial yeasts when similar 
methods of propagation were employed. We feel, therefore, 
that the yeasts represent what may be expected when well- 
recognized methods of production are followed. 

Chick assay. Day-old white Leghorn chicks were fed the 
basal ration, 241H (Mickelsen, Waisman and Elvehjem, ’38) 
which contains aU the vitamins known to be required by this 
species, except the antidermatitis factor. Pour chicks were 
used in a group for each assay. The dried yeasts were added 
at various levels to the basal ration. If necessary, the assays 
were repeated until a level was found at which protection was 
obtained and another at which symptoms of dermatitis ap- 
peared in one or more members of the group. The minimum 
protective level, therefore, lies between these two figures. As 
a check on the procedure both positive and negative controls 
were run. The negative controls usually developed severe 
dermatitis and most of them died in from 3 to 4 weeks. When 
an occasional bird survived longer than this, the gain in weight 
was never over 50 gm. in 5 weeks. The feeding period ex- 
tended over 6 weeks, but the gain in weight made in 5 weeks 
was taken as most suitable for record. Because of possible 
variations both in yeasts and in chicks, a considerable number 
of duplicate batches of yeast were grown and assays repeated. 
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Duplicate assays on the same batch of yeast agreed very well 
and chick assays of different batches grown on the same 
medium showed less variation than might be expected. 

Data. Assays of twenty-three experimental batches of 
yeasts are given in table 1. Those grown in grain-wort were 
richest in anti-dermatitis factor, the molasses yeasts were 
next in order and the glucose-salts batches contained the least 


TABLE 1 

Assay of laboratory-grown yeasts 




LBVEIi 

BED 

AVERAGE 

NUMBER OF 

NUMBER 

VEAST 

GAIN IN 

OHIOKS SHOWING 



5 WEEKS 

SYMPTOMS 



% 

gm. 


Control, 

3 lots 

0 

48^ 

12 


Series I. Yeasts groTO on glucose-salts medium 


131 

S. cerevisiae 

4 

71 

3 

131 

S. cerevisiae 

6 

94 

0 

405 

S. cerevisiae 

4 

65 

3 

405 

S. cerevisiae 

6 

94 

0 

212 

S. logos 

2 

88 

3 

212 

S. logos 

4 

83 

1 

305 

W. anomala 

4 

54 

2 

312 

E. vernalis 

6 

122 

0 


Series II. Yeasts grown on molasses-salts medium 


101 

S. cerevisiae 

! 2 

125 

1 

101 

S. cerevisiae 

> 4 

165 

0 

406 

S. cerevisiae 

2 

62 

3 

406 

S. cerevisiae 

1 4 

112 

0 

304 

W. anomala 

' 4 

52 

3 

313 

E. vernalis 

4 

82 

4 

Series III. Yeasts 

grown on grain wort medium 


208B 

S. cerevisiae 

2 

108 

2 

208B 

S. cerevisiae 

4 

122 

0 

400 1 

S. cerevisiae 

1 

49 

4 

400 

S. cerevisiae 

2 

123 

1 

400 i 

S. cerevisiae 

4 

172 

0 

210B 

S. logos 

2 

117 

0 

210B 

S. logos 

4 

141 

0 

302 

W. anomala 

2 

91 

0 

302 

W. anomala 

4 

135 

0 

311 

E. vernalis 

2 

64 

1 


^ Average for two chicks. Other ten died before the end of 5 weeks. 
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amount of the factor. The protective levels for the three 
groups were approximately 2, 4 and 6%. Some variations 
from these figures were obtained, but these were not greater 
than would be expected from different batches of yeast and 
from different lots of chicks. For example : S. logos (no. 212) 
in the glucose-salts series seemed somewhat better than the 
other yeasts in this series and gave almost adequate protec- 
tion at a 4% level. In the molasses group, W. anomala (no. 
304) and E. vernalis (no. 313) proved inadequate at 4%. 

TABLE 2 


Assay of commercial yeasts 



YEAST 

EEVBL 

EBD 

AVERAGE 

GAIN IN 

5 WEEKS 

NUMBER OF 
CHICKS SHOWING 
SYMPTOMS 



% 

gm. 


401 

Bakers E 

2 

143 

0 

401 

Bakers E 

4 

135 

0 

402 

Bakers A 

1 

115 

3 

402 

Bakers A 

2 

172 

0 

402 

Bakers A 

4 

216 

0 

407 

Bakers F 

2 

112 

1 

407 

Bakers F 

4 

126 

0 

316 

Brewers P 

2 

115 

2 

316 

Brewers P 

4 

150 

0 

403 

Brewers L 

2 

112 

0 

403 

Brewers L 

4 

185 

0 

404 

Brewers 0 

1 1 

52 

3 

404 

Brewers C 

2 

127 

0 

404 

Brewers C 

4 

187 

0 


However, one batch of S. cerevisiae (no. 101) gave very good 
growth at 2% and only one of the four chicks in the group 
showed symptoms of dermatitis. The figure, 2%, is perhaps 
somewhat low for grain-wort yeasts. Slight symptoms of 
dermatitis appeared in three cases at this level. At 4% 
there was no evidence of dermatitis, and growth was excep- 
tionally good. 

Assays of commercial yeasts are given in table 2. Most, if 
not all, were grown on a wort medium and the protective level 
was 2%. This is the same figure as was found for the labora- 
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tory yeasts, grown on a wort medium. No difference is mani- 
fest betw-een bakers and brewers yeasts in respect to the chick 
factor. This result is in marked contrast to the ratio between 
the two with respect to vitamin Bi. Brewers yeast usually 
contains several times as much vitamin Bi as bakers yeast. 

The figure for grain-wort yeasts and commercial yeasts is 
about the same as that for animal tissues, richest in this 
vitamin. Liver and kidney protect at a 2% level but some 
tissues e.g., lean beef, must be fed at a 30% level (Waisman, 
Michelsen and Elvehjem, ’39). . 

DISCUSSION 

From the recent work of Woolley, Waisman and Elvehjem 
(’39) it appears that the chick anti-dermatitis factor is panto- 
thenic acid. This compound has been extensively investigated 
by Williams and associates (’33, ’34, ’39) who found that 
yeast growth is greatly stimulated by additions of panto- 
thenic acid to the medium. Although yeast growth is stimu- 
lated by pantothenic acid, the data reported here show that 
pantothenic acid is also a product of yeast growth. The yeast 
crop on the glucose-salts medium ranged from 353 gm. for 
batch 305 to 1037 for batch 131. The inoculum, a wort-grown 
yeast, was equivalent to 50 gm. of dry yeast. Hence the multi- 
plication of cells was from seven- to twentyfold, while the po- 
tency decreased only to one-third of the original value. The 
innoculum, therefore, contained only from 15 to 40% as much 
pantothenic acid as the yeast crop. A similar situation exists 
■with respect to vitamin Bi, which may be both a stimulant and 
a product of yeast growth. 


SUMMABT 

The amount of chick anti-dermatitis vitamin (pantothenic 
acid) in yeast varies with the medium in which the yeast is 
grown. Yeast grown in grain wort gave protection when fed 
at a 2% level, molasses yeast at 4% and glucose-salts yeast at 
6%. Commercial bakers and brewers yeasts also protected at 



186 


"W. H. PBTERSOK AND 0. A. ELVBHJBM 


the 2% level, which is about the potency of animal tissues 
richest in this vitamin. 

The authors are indebted to P. E, Hubanks for assistance in 
the feeding work, and to N.Y.A. for fimds in payment of his 
services. 
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INFLUENCE OP MASSIVE DOSES OP VITAMIN 
ON PEETILITY AND LACTATION i 


BAENETT 8UEE 

Department of Agricultural Chemistry, University of Arlcansas, Fayetteville 
(Eeceived for publication April 1, 1939) 


Following the nnmerons reports on the toxic effects of 
massive doses of vitamin D, it was logical for nntritional 
investigators to be interested in the accumulation of evidence 
on the possible existence of other hypervitaminoses. For 
some years it was planned to study vitamin Bi from this 
standpoint but our studies on the biochemistry and pathology 
of deficiency diseases did not permit following this line of 
research. The report, however, of Perla (’37) that vitamin 
Bi in amounts equivalent to forty times the maintenance re- 
qurement produced toxic effects as evidenced by inability 
of rats to rear their young successfully, stimulated this in- 
vestigation, which was begun in January of 1938. 

Perla used a stock diet consisting of 15 gm. per day of a 
basic mixture of hominy 100 parts, rolled oats 15 parts, fine 
meat and bone 25 parts, salts 14 parts, and dried milk 16 parts, 
to which was added a few drops of cod liver oil, 0.3 gm. of 
wheat germ and 0.3 gm. of crude Pleischman’s brewer’s yeast 
per rat. He found that supplementing his stock diet with 
Mead Johnson’s brewer’s yeast equivalent to 50 I.U. of 
vitamin Bi per animal per day resulted in a disturbance in 
lactation in the first generation which was accentuated in 
the second generation. The effect was more pronounced in 

^Beseareh paper no. 620, journal series, University of Arkansas. This is paper 
XXV in the series Dietary Bequirements for Fertility and Lactation. 
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animals fed a vitamin Bi concentrate (adsorbate) among 
which still-births were also common. Synthetic vitamin Bi 
was somewhat less toxic than the vitamin Bi adsorbate but 
similar interference with lactation occurred in the second 
generation. 

While the work initiated in our laboratory was in progress 
the monograph on vitamin Bi (thiamin)® by Williams and 
Spies (’38) appeared in which they criticized the findings of 
Perla. Since Perla injected the synthetic vitamin Bi subcu- 
taneously, they state: “The disturbances of very young 
litters for purposes of daily injections seems a questionable 
practice which might well lead to the abandonment of the 
young by the mothers.” Furthermore, they refer to experi- 
ments of Ammerman and Waterman who administered 80 to 
1000 pg. of thiamin daily to each rat as a supplement to a stock 
diet, which was continued for three generations, and repro- 
duction was perfectly normal. Since no reference is given 
to this work in the bibliography, the work quoted probably 
represents unpublished data. Without knowing the compo- 
sition of the stock diet and in the absence of experimental 
data, it is impossible to evaluate the investigations of Am- 
merman and Waterman. But at least it appears that we 
have conflicting results on the influence of massive doses of 
vitamin Bi on lactation eflSciency when carried on for several 
generations. It is therefore, all the more pertinent that the 
results of this laboratory be reported at this time. 

Since 1920 we have employed the Wistar strain of albino 
rat and have successfully reared our animals on the following 
stock diet : whole wheat, 27 ; rolled oats, 26 ; yellow corn, 25 ; 
linseed meal, 15 ; commercial casein, 5 ; cod liver oil, 1 ; NaCl, 
0.5; and CaCOs, 0.5. This diet is supplemented 6 days a 
week with 5 cc. of fresh cow’s milk per animal until breed- 
ing when it is increased to 10 cc. and during lactation, when 
the young begin eating, to 15 cc. daily. Each also 

receives 15 gm, fresh lettuce once weekly. On such a ration 
we raise 95 to 98% of our young, the mortality being less 

*Vitamia and thiamin are used interchangeably in this paper. 



EFFECT OF MASSIVE DOSES OF VITAMIN Bi 


189 


til ATI 5%, and very seldom do we encounter a case of sterility. 
When we attempted to remove either the supplementary let- 
tuce or milk from this stock diet, the infant mortality in- 
creased to over 50%. Eemoving both the milk and lettuce 
increased the infant mortality to 60% accompanied by 
sterility. Therefore, as a starting point in this research, 
our stock diet supplemented with milk and lettuce was em- 
ployed. 

EXPERIMENTAL 

The rats in this study were divided into four groups : A) 
each animal received 10 ng. thiamin daily; B) each animal 
received 100 ng. thiamin daily; C) each animal received 200 
lag. thiamin daily, and B) each animal received 400 ng. thiamin 
daily. The thiamin used was the pure crystalline product of 
Merck.® The results are summarized in table 1. 

Group A. Since 10 ng. of thiamin was found suflicient as 
a curative dose for even the most marked cases of polyneuritis 
associated with convulsions and at the same time was ac- 
companied by very good growth, it was at first thought to use 
this daily amount as a standard of comparison. This was 
hardly justifiable, since the stock diet furnished in itself 
liberal amounts of vitamin Bi. On this daily dose fertility 
and lactation was perfectly normal for two generations. 
Therefore, it was considered advisable to use a large dose 
during the third generation. The daily dose was increased to 
200 pg. thiamin daily. Toxic effects then became apparent. 
The lactation efficiency dropped from 95 to 41%; also, one 
female was sterile and post-mortem examination showed re- 
sorption of twelve remaining embryos. The resorption was 
indistinguishable from vitamin E deficiency. 

Group B. No toxic effects were encountered in the first 
generation on the 100 pg. thiamin daily dose. In the second 
generation, however, two females were sterile, but the two 
females that were fertile reared their young successfully. In 
the third generation when the daily thiamin dose was in- 

* We msh to express our appreciation to Merck and Co. for the thiamin donated 
for this work. 
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creased to 400 ng-, five females completely failed to rear their 
seven litters and one was sterile. In other words, infant mor- 
tality was 100%. Almost invariably the litters died the jBrst 
few days of the nursing period and canabalism was very 
marked, which was associated with a loss of the maternal 
instinct. 

Group G. On the daily dose of 200 ng. thiamin, two mothers 
out of six became sterile in the first generation. Since only 

TABLE 1 


Influence of massive doses of vitamm on fertility and lactation 


€troup 





Toung 
allowed 
to he 
reared 


Per cent 
young 
weaned 


Vitamin 

daily 

dose 

Benera' 

tion 

\ 

Females 

Litters 

Foungl 

horn 

Young 

weaned 

Remarks 

A 









10 /ig. 

First 


4 

37 

24 

23 

96 


10 /xg. 

Second 

6 

6 

49 

32 

30 

94 


200 /Ag. 

Third 

6 

6 

59 

36 

15 

41 

One female was 
sterile after 161 
days of mating. 

Another female 
resorbed twelve 
embryos. 

B 









100 /Ag. 

First 

4 

4 

36 

24 

24 

100 


100 /Ag. 

Second 

4 1 

2 

21 

12 

12 

100 

Two females 
were sterile. 

400 tig. 

Third 

6 ' 

V 

64 

42 

0 

0 

One female was 
sterile after 110 
days of mating. 

C 









200 /ig. 

First 

6 

4 

43 

24 

24 

100 

Two females 
were sterile. 

200 {ig. 

Second 

2 

2 

12 

12 

12 

100 


600 iig. 

Third 

6 

2 

25 

12 

0 

0 

1 

! 

Four females were 
sterile 120 days 
after mating. 

One female re- 
sorbed fourteen 
embryos. 

D 









400 /Ag. 

First 

4 

6 

61 

34 

32 

94 


400 jLtg. 

Second 

6 

6 

69 

36 

30 

83 


800 /Ag. 

Third 

6 

14 

147 

78 

1 10 

12 
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two mothers were available for the second generation, the in- 
sufficient number of animals are not a criterion for the fertility 
and lactation performances. In the third generation on the 
600 ng. daily thiamin dose, however, out of six females four 
were sterile, one with a dear case of resorption indistinguish- 
able from vitamin E deficiency and the other two that were 
fertile entirely failed to rear their litters, death of the young 
having occurred during the first few days of lactation. 

Group D. It is surprising that on the 400 Mg. daily thiamin 
dose, fertility and lactation should have proceeded normally 
during the first two generations, but lactation was a pro- 
nounced failure during the third generation on the 800 Mg.- 
daily vitamin Bi dose, the infant mortality being 88%. 

Q-rowth in all instances with the thiamin supplements was 
much greater than on the stock diet alone. 

At no time throughout this study was the regular stock diet 
with its supplements of milk and lettuce changed, and all the 
daily thiamin administrations were given orally in solution 
in Petri dishes, which all the animals eagerly consumed. The 
mothers were tame at all times, although when by virtue of 
the large doses of thiamin they were unable to lactate, they 
became disinterested in the welfare of their yotmg and de- 
voured them, a phenomenon characteristic of the experi- 
mental rat when there is a deficiency of an essential factor 
in the diet. 

While Perla* on his stock diet began to encounter toxic 
symptoms on lactation in the first generation, the injurious 
effects on lactation of massive doses of thiamin, supplement- 
ing our stock diet were not manifested until the third genera- 
tion. The injurious effects on fertility, however, are appar- 
ent in the first generation. Beginning with a 400 Mg. thiamin 
daily dose the physiological mechanism of milk secretion 

^Perla^s recent findings (’39) tliat a daily allowance of 2 mg, manganous 
chloride counteracts the toxicity of large doses of thiamin lactation is of con- 
siderable interest. It would link vitamin metabolism with manganese, as 
vitamin I) is associated with calcium and phosphorus metabolism. Also the 
giving of manganese salts might be indicated in various types of neuritis or other 
diseases where large doses of this vitamin are prescribed. . 
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collapses. Out of 132 young allowed to be reared on 400 to 
800 ng. daily doses of tbiamin, only ten young were reared. 
Since this work was completed, Perla (’39) in a preliminary 
report also cites progressive decrease in fertility on daily 
supplements of 30 I.U. of vitamin Bi. 

The fact that resorption of the foetus during gestation was 
observed in vitamin A deficiency (Sure, ’28) and in toxic 
doses of vitamin Bi, we can no longer consider sucb phenome- 
non as specific for vitamin E deficiency. 

The question arises: What daily dose of thiamin did the 
stock diet with its supplements provide? Before such calcu- 
lation can be made it is necessary to know the thiamin con- 
tent of each of the constituents of this diet expressed as micro- 
grams per gram. From the thiamin content of foodstuffs 
given by Williams and Spies in their monograph (’38) whole 
wheat, rolled oats and yellow corn contain 4.72, 3.00, and 
2.5 ng. per gram respectively. No figures are given for lin- 
seed meal nor for commercial casein. But it is estimated that 
linseed meal may contain 3|jg. per gram and commercial 
casein 2.0 pg. per gram. The latter should be a liberal figure, 
since milk powder contains only 2.5 pg. per gram. Lettuce 
contains 0.2 pg. per gram fresh tissue, and whole milk 0.45 pg. 
per gram. From such figures it is estimated that 100 gm. 
of our stock diet will contain about 328 pg. thiamin. A 
growing animal eating 15 gm. of such feed daily will then 
receive approximately 50 pg. of thiamin, A lactating rat 
which is eating 25 to 30 gm. of feed and drinking 10 to 15 cc. 
of fresh cow’s milk, will consume 100 to 110 pg. thiamin daily. 
Since sterility was encountered in the second generation on 
100 pg, of thiamin, supplementing our stock diet, which in 
itself provided an equal dose of this vitamin, it appears that 
twice the daily intake of thiamin furnished by our stock ration 
interferes with reproduction. Since 2.5 pg. thiaim’-n daily per 
rat will prevent polyneuritic symptoms and loss of weight, 
eighty times the maintenance dose of thianoin is toxic from 
the standpoint of reproduction and 120 times the maintenance 
dose definitely toxic for lactation. Furthermore, studies just 
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completed on lactation ■with purified diets (using crystalline 
tTiiamin, ribofla'vin, Be, choline, nicotinic acid and W factor as 
components of the vitamin B complex) indicate the daily re- 
quirement of -vitamin Bi to he 120 pg. In other ■words, three 
times the requirements for lactation (as found in short time 
transfer experiments from stock diet to synthetic diets) are 
definitely toxic in the third generation animals fed our stock 
diet. Just what manganese may do to counteract such toxicity 
(Perla, ’39) is being checked at this time. When it is con- 
sidered that Bills (’30) found that -vitamin D (activated 
ergosterol) administered to rats in doses 100 times greater 
than the minimum antiricketic level did not produce a toxic 
effect on gro-wih and reproduction, and that 1000 times the 
overdosage was just perceptibly harmful, and that it took a 
4000 times overdosage to be definitely injurious, the possible 
toxic effects of vitamin Bi or thiamin appear quite serious. 
It is doubtful, however, since vitamin Bi is quite deficient in 
the American diet (Sure, ’33; McCollum, ’35) whether we 
■will encounter injurious effects from an overdosage. How- 
ever, we must bear in mind that large doses of thiamin for 
long periods of time may affect the pregnant and nursing 
mother. 


SUMMARY 

A daily dose of 100 pg. of thiamin results in female sterility 
in the second generation. A daily dose of 200 pg, of tbiamin 
produces toxic effects in lactation in the third generation. A 
daily dose of 400 pg. of thiamin results in entire failure in 
lactation in the third generation. 
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BASAL METABOLISM OF CONNECTIOITT STATE 
COLLEGE STUDENTS 


E. CHAELOTTE EOGEE8 
Connecticut State College, Storrs 

THREE FIGURES 

(Eeceived for publication March 24, 1939) 


A study of the basal metabolic rate of ■women in some of 
the nutrition classes at the Connecticut State College was 
started in 1933, but most of the work was done from 1935 to 
1938. After 1933, the study was not confined to students in 
nutrition classes and included both men and women students. 

Our original aim was to get some idea of the average basal 
rate of the students and to see how these averages compared 
■with the averages of college students in other parts of the 
country. As work progressed the range in basal rates or the 
variations sho’wn by individuals became a matter of con- 
siderable interest. 

Basal metabolism studies by Hitchcock and Wardwell ( ’29) 
on college women have indicated that there is a cyclic varia- 
tion in the basal metabolic rate. Studies by Tilt (’30, ’35), 
Mason and Benedict ( ’34) and McKitterick ( ’36) have indi- 
cated that climate and altitude are factors that may effect 
basal rate. The observations of Coons and Schiefelbuseh ( ’32) 
on t 3 rpe and quantity of food, of Hackett ( ’31) on coffee drink- 
ing and of Dill, Edwards and Forbes ( ’34) on smoking indi- 
cate that these factors may have some effect on the basal 
rate. Henry (’30) considers that overactive states and 
nervous or emotional strain may produce effects on the basal 
rate. 
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Tile Connecticut State College is situated at Storrs, Con- 
necticut, a village 640 feet above sea level. The temperature 
range for 1937 was 6° to 96°F. ’with an average of 49.09°.^ 
The clinoate is considered as good as may be found in the 
southern Ne’w England hills. The winters are not very cold 
and the summers are fairly cool. The village is 8 miles from 
the nearest city so is as nearly rural as any eastern Con- 
necticut village. 

One hundred and ten college women and fifty college men, 
17 to 27 years of age are included in this study. These were 
selected from a large group and were all healthy and normal 
in every respect as far as could be deternained by college health 
records or in any other way. The studies were carried on 
from September to June each year except 1937-1938 when a 
few students in the summer session were given tests. 

The tests were made with a Benedict-Eoth respiration 
calorimeter, which was kept in good condition and tested as 
to accuracy several times each year. 

The students came to the basal metabolism room before 
breakfast and rested 15 minutes to i hour, depending upon the 
exertion necessary in getting to the room. Most of the women 
students came from the same building and came soon after 
awakening and without fully dressing. The men came from 
dormitories within 5 minutes walk of the basal metabolism 
room. Every student was questioned as to whether he had 
slept well and had slept the fuU number of hours that were 
customary for him. This varied from 7 to 9 hours. If the 
sleeping period had been curtailed the test was not given. 
If something had been eaten just before going to bed or if 
the student had smoked just before coming in, the test was not 
given that day. 

Few of the students drank much coffee so this was not con- 
sidered a factor of great importance. Most of the students 
ate in the college dining hall and a separate study of food 
intake was made on a group of students to see if it might 

^ The temperature average 1932 to 1937 was 48.47 
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have any hearing on onr average rate.® The ■women ■were 
tested at any time during the intra-menstrual period. 

Information concerning the activities of the students during 
the preceding day or days was recorded. The pulse and 
body temperature were always recorded, and after the spring 


Se«l« 




Meial^oiic Rale CoDtMrtson 

Women ^ 

0 ^lil) 



Mg. 1 Comparisou of basal metabolic rates of women as calculated by the 
methods of: Boothby, Berkson and Dunn — ^Harris-Benediet — and Aub-DuBois. 


of 1936 when a Baumanometer became available, blood pres- 
sure was determined. 

During one -winter the apparatus was taken to a room in 
the infirmary. The student to whom the test was given 
came in early, went to bed between 9 and 10 o’clock and was 
given the test at 7 o’clock the next morning -without dressing 

* Table not given in this paper. 
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or going further than the next room. As all students who 
came to the infirmary were carefully supervised it was possible 
to determine whether they were in true basal state. 

A series of tests made in this way convinced us that they 
were in a true basal state and that our rest period in the 
basal metabolism room had been adequate. Variations in 


MeloLolic Rale Cowjxtrison 

Hen 


0 
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Eig. 2 Comparison of basal metabolic rates of men as calculated by the 
methods of: Boothby, Berkson and Bunn — ^Harris-Benediet — and Aub-BuBois. 


basal rate of students given tests in both the iiifirmary and 
the dormitory basal metabolism rooms were insignificant. 
Day to day variations in basal rate when given in the same 
room were often greater. 

Tests were given on 3 or more different days except in 
cases where tests on 2 different days were very nearly alike. 
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Early in our study .two or more 6-minute tests were given each 
time the student came. It was seldom that there was much 
variation in consecutive tests given on the same day, so that 
ttiis practice was discontinued except for a preliminary test 
the first time that a student came. 
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Pig. 3 Comparison of basal metabolie rates of athletes as ealcnlated by the 
methods of: Boothby, Berkson and Dnnn — ^Harris-Benediet — and Aub-IhiBois. 


RESULTS 

The basal rates were calculated by the methods of 1) 
Boothby, Berkson and Dunn ’36), 2) Harris-Benediet, and 
3) Auh-DuBois, modified by Boothby and Sandiford. 

Figures 1 and 2 are comparison graphs showing the dif- 
ferences in basal rate as calculated by the three above-men- 
tioned methods. Figure 3 is that of athletes. 

In spite of the very wide variation in range of basal rate 
the average rate for women is —0.4 by Boothby, Berkson and 
Dunn method; —1.9 Harris-Benediet, and —2.3 Aub-Dubois, 
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witli probable errors of ±0.47 to ±0.52. The corresponding 
averages for men vrere — 2.5, +0.8 and — 1.6 respectively, 
with, probable errors of ±0.74 to ±0.78. 

DISCUSSION 

The averages that were obtained in this study are nearer 
±0 than some that have been reported for college students. 
It will be noted that the averages for women by the Boothby, 
Berkson and Dunn method — 0.4 is a little higher than the 
averages —2.3 and —1.9 as calculated by the Aub-DuBois 
and the Harris-Benedict methods. The Aub-DuBois — 2.3 
coincides exactly with the Aub-DuBois figure reported by 
G-ustafson and Benedict ( ’28) for a select group of Wellesley 
College students. Our averages are also higher than the 
figure —3.1 reported by McKetterick (’36) for Wyoming 
women where altitude is given as a factor increasing the rate. 
The figures —13.2 given by Coons and Schiefelhusch (’32) 
for Oklahoma women or —10.6 and —14.1 given by Tilt in 
two studies of Florida women (’30, ’35) are considerably 
lower than our averages. In these cases quality and quantity 
of food as well as climate were considered factors that lowered 
the rate. Our averages for men —2.5 Boothby, Berkson and 
Dunn, +1.6 Aub-DuBois and +0.8 Harris-Benedict are a 
little higher than the — 5.6 figure given by Nalbandov, Heller, 
Krause and Purdy (’38) in a study of Oldahoma college men. 

In the case of the men students the average rate as calculated 
by the Boothby, Berkson and Dunn method is slightly lower 
than the Aub-DuBois and the Harris-Benedict methods. 

In general it would appear that the Boothby, Berkson and 
Dunn method gives more normal curves for basal rates. 
The irregularities on curves for seventeen athletes are so 
similar to those for the larger group of fifty men that it seems 
probable that the athletes are responsible for these ir- 
regularities. Two groups of men as large as the group of 
women would probably be more satisfactory although the 
probable error in average rates for men is only ±0.74 to 
±0.78. 
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The great length of range in hasal rate of students who 
were considered normal in every way seemed to call for 
some explanation. Since we had carefully excluded any who 
were considered abnormal one might question whether 
students showing a wide range of basal rate were in true 
basal state during the tests. Those who showed the greatest 
range in hasal rate usually averaged well within the ±10.0. 
Usually the student whose rate seemed much too low or too 
high was imconscious of any emotional disturbance and seemed 
to us to he in true basal state. 

W.B. a freshman gave a high rate of +18 at first but 
gradually it diminished to +4.1. At this time we found out 
that the swimming season had ended and that he was getting 
less exercise than usual. A.C. on the other hand gave such 
uniformity on two tests that the third seemed uimecessary. 
One test came on a day after a ball game and the other in a 
non-active period. All who knew him said that he was un- 
usually uniform in studies and athletic activities. 

Am ong the women, J.W. appeared to be in true basal 
state, but gave three plus- rates, the highest of +28.7. She 
always had a normal pulse and blood pressure, and when we 
sent her to the college physician, he found her as on all other 
examinations, normal. After a vacation period of 10 days 
in which she slept and ate well the physician gave her a basal 
metabolism test. We also gave another test 2 days later. 
Both of these tests were near ±0. She finally admitted that 
up until the vacation period she had been working hard and 
that perhaps had thought considerable about her studies and 
social acti-vities. She said that she was not conscious of 
worrying but perhaps felt a bit let down when examinations 
and sorority elections were over. 

J.L. was a student who was given the tests during a summer 
session when he was doing hard physical work in the college 
dairy department. Bis muscles were well developed and 
his slightly high rate was probably due to the effect of over- 
exercise. 
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Somewhat older people, members of the faculty and faculty 
wives who came to us for tests, rarely showed a great vari- 
ation in basal rate. Often the variation in a series of three 
to five tests over a period of several weeks or months was only 
a few per cent. It seemed probable that the more settled or 
normal manner of living may account for the more uniform 
basal rate of this older group. 

G. W. Henry (’30) says that elated and overactive states 
correlate with the high basal rate and that depressed states 
correlate with low rates. Henry suggests the probability that 
some of the normal variation in basal rate is due to the emo- 
tional state of the individual tested. It seems probable that 
the wide range or variation in basal rate of college students 
together with overaetivity in some cases may be explained on 
this basis. 

The average weight of the students tested was relatively 
high. Forty-five to 50% of both men and women are within 
5% of the normal range.® The food intake seemed adequate in 
calories, vitamins and minerals, and the protein was 15%, or 
it was 4% higher than that reported by Coons and Schiefel- 
busch (’32) for Oklahoma women. 

SUMMARY 

The average basal rate of the Connecticut State College 
women was found to be —2.3 Aub-DuBois; —1.9 Harris- 
Benedict, and —0.4 Boothby, Berkson and Dunn. The aver- 
age for men students was — 1.6 Aub-DuBois; -f-0.8 Harris- 
Benedict, and —2.5 for Boothby, Berkson and Dunn. For 
an individual, ranges in rate may be of as much or more 
physiological significance than average rate. 

The excellent quality and quantity of food may be a 
factor in producing a relatively high average, and the ex- 
tremes of range may correlate with overactivity or with 
emotional states common to college life. 

*Prom the records of Dr, !RaIph L. Gilman, resident physician Connecticut 
State College, Storrs, Connecticut. 
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THE CALCIUM CONTENT OF WHITE BREAD 

WILLIAM W. PEOUTY AND WILLIAM H. OATHCAET 
Besearoh Department, American Institute of BaJcing, Chicago, Illinois 

(Eeceived for publication April 21, 1939) 

Published analyses of the calcium content of white bread 
do not give a true picture of the average amount of calcium 
in modern commercial bread. The data that have been 
available apparently are the result of investigations made 
many years ago. During the past few years, however, bakers 
have been incorporating relatively large quantities of milk 
solids in white bread, and they often add small amounts of 
calcium salts to the dough to compensate for deficiencies in 
local water supplies and to act as yeast nutrients or stimu- 
lators and as dough conditioners (hereafter referred to as 
yeast food). These practices have tended to increase con- 
siderably the average calcium content of white bread. In 
order to ascertain the present quantity of calcium in com- 
mercially produced bread, analyses have been made of thirty- 
nine representative commercial samples and eleven control 
samples. 

Fairbanks (’38) conducted feeding experiments on rats and 
demonstrated that the addition of milk solids to a water bread 
(no milk) formula increases the nutritive value of bread. 
He points out that there is evidence that the nutritive value of 
bread containing 12% ^ milk solids is of higher order than 
bread containing 6% milk solids. 

Frank and Wang ( ’25 a) report the calcium content of water 
bread as 0.029%,* Waller (’37) reports 0.027% and Rose 

*A11 percentages in this paper referring to ingredients added to bread are on 
the basis of flour as 100%. 

® Frank and Wang reported their results in terms of calcium oxide. The above 
results have been recalculated in terms of per cent calcium, 
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(’37) reports 0.029%. Eose (’20) gives the calcinm content 
of white bread as 0.032%; Bridges (’35) and Sherman (’37) 
give 0.031%; and Fiene and Blumenthal (’38) give 0.027%. 
Neither Eose, Bridges, Sherman, nor Fiene and Blumenthal 
specify the bread other than as ‘white bread.’ Frank and 
Wang (’25 a) report 0.042%® calcium for bread containing 
milk (quantity of milk not given). Eose (’37) reports 0.064% 
Ca for bread made with milk. Although it was not reported, 
it is assumed that the results of the above authors are on an 
‘as received’ basis (probably around 34% to 36% moisture). 

TABLE 1 

JPer cent calcium in white "bread as reported by vanous investigators 


Ter cent calcium received basis* in 


WATER 

BREAD 

BREAD 

(INGREDIENTS 
NOT SPECIPIED) 

BREAD CONTAINING 
HIDE 

INVESTIGATOR (S) 

0.029 

.... 


Frank and Wang ( ^25 a) 

0.027 

.... 


Waller (^37) 

0.029 

.... 


Rose (»37) 

• • . • 

0.032 


Rose (^20) 

• • • • 

0.031 


Bridges (^35) 

— 

0.031 


Sherman ('37) 


0.027 

.... 

Fiene and Blumenthal ('38) 

• • • • 

.... 

0.042 

Frank and Wang ( '25 a) 

• • « • 

.... 

0.050 

Sullivan and Howe ( '29) 



(38% moisture) 


— 

0.064 

Rose ('37) 


Sullivan and Howe (’29) report 0.080% calcium (dry basis) 
for white bread having 5.4% condensed milk and 0.235% 
yeast food. This would be 0.050% calcium on a 38% moisture 
basis. These data are summarized in table 1. 

Morison and co-workers (’25) gave the following results, 
per cent calcium (table 2) for experimental loaves, the in- 
gredients being weighed in grams, for varying amounts of 
dry whole nulk. No yeast food was added to these loaves. 

It was thought desirable to analyze for calcium a some- 
what similar series of commercial control loaves (the in- 
gredients being weighed in pounds and ounces), which eon- 
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tained varying amounts of dry whole milk and dry skim 
milk and 0.25% yeast food. This was thought advisable in 
order to approach more closely the average commercial 
formula. 

In addition to this, a request was made to bakeries through- 
out the country for loaves of their most popular white bread 
and also the percentage and kind of milk and yeast food, if 
any, used. The object of this request was to enable the authors 
to determine the average percentage of calcium in white 
bread available on the open market in the United States. 


TABLE 2 

Calcmm content expressed in per cent. Analyses made on white tread containing 
various percentages of dry whole milk on "basis of flour as 100% (Morison) 



NO- 

2.5% 

4.0% 

5.5% 

7.0% 

8.0% 

1 9.0% 

10.0% 


MILK 

MILK 

MILK 

MILK j 

MILK 

MILK 

MILK 

MILK 


soiiins 

sOLins 

SOLIDS 

SOLIDS 

SOLIDS 

SOLIDS 

SOLIDS 

SOLIDS 

Dry basis 

38% moisture 

0.016 

0.045 

0.059 

0.069 

0.090 

0.097 

0.111 

0.119 

basis 

(Calculated by 

0.010 

0.028 

0.037 

0.043 

0.056 

0.060 

0.069 

0.074 

Prouty and Catheart)| 









Loaves have been received and analyzed from six bakeries in 
Illinois, three bakeries in Louisiana, three bakeries in Ten- 
nessee, two bakeries in California, two bakeries in Washing- 
ton, two bakeries in New York, and one bakery in each of the 
following states: Nebraska, Minnesota, North Dakota, 
Florida, Ohio, Maine, Massachusetts, Utah, Colorado, Ehode 
Island, Missouri, Iowa, Alabama, Kansas, South Carolina, 
Mississippi, Virginia, Penoisylvania, Montana and Washing- 
ton, D. C. It is to be understood that these samples were the 
most popular types of white bread and were not necessarily 
loaves containing high percentages of milk solids. 

EXPEEIMENTAL METHOD 

Type of ashmg dish. A review of the literature failed to 
reveal the type of container most suited for ashing bread. 
Consequently, before attempting any work on ealcicm analysis. 
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it was first necessary to deternaine the type of dish best suited 
for ashing. Forty separate ash determinations were made 
in duplicate. Determinations were run in porcelain crucibles 
and dishes, in silica crucibles and dishes and in platinum 
crucibles and dishes. The same sample was used throughout. 
The use of platinum did not meet with favor because it gave 
a hydrochloric acid solution of the ash a greenish color. The 
ash also stained the platinum to some extent. With all ma- 
terials, the per cent ash obtained by the use of shallow 
dishes was slightly lower than that obtained by the use of 
crucibles, although both dishes and crucibles gave consistent 
results. Dishes were not chosen for the work because they 
were not as convenient to handle as crucibles. Porcelain and 
silica crucibles checked each other consistently. 

Porcelain crucibles (top diameter 53 mm., height 44 mm., 
capacity 45 ec.) were selected because they were very easy 
to work with, gave as consistent results as silica, and were 
also much more economical than silica. On all the above 
samples, the ashing was done in an electric muffle at 550° C. 
for 12 hours. 

Moisture and ash. The sample was prepared for analysis 
by the method described in Cereal Laboratory Methods of the 
A.A.C.C., page 83 (’35). Moisture and ash were run ac- 
cording to the official method of the A.O.A.C., which are 
described in the Cereal Laboratory Methods, pages 29-30. 
The vacuum method for moisture was used. For ashing pur- 
poses 10 gm. of air dried crumb were used. 

Calcium. The analysis for calcium was performed by the 
Shohl and Pedley (’22) modification of the McCrudden (’09, 
’10, ’ll, ’12) method. As Shohl (’22 a) pointed out, the hydro- 
gen-ion-eoncentration is an important factor in making a 
calcium determination. If the solution is more acid than pH 
4.0, calcium oxalate is dissolved, and if it is less acid than 
pH 5.6, magnesium ammonium phosphate is precipitated. 
Shohl and Pedley ’s modification consisted in precipitation at 
a specific pH. The only modifications on Shohl and Pedley ’s 
method were to leave out digesting with ammonium persulfate. 
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which was not necessary in bread analysis, and to titrate with 
0.02N KMno 4 instead of 0.05N KMno 4 . 

Blanks were run on all reagents used along with every 
determination. Although improbable, tests were run to de- 
termine if any calcium was dissolved from the crucible with 
the hydrochloric acid used for dissolving the ash. The tests 
were negative in every case. 

RESULTS AND DISCUSSION 

Using the facilities of the Institute, several of the students 
were engaged in baking the control loaves used in the first 
part of the analysis. Ten pounds of flour per batch for each 
dough and 0.25% yeast food were used. Doughs were made 
containing no milk, 2, 4, 6, 8, and 10% dry skim milk and 
another series containing 2, 4, 6, 8, and 10% dry whole milk. 
The results are reported in table 3. Calculations of results to 
dry basis and 38% moisture basis were made separately from 
results of analysis on air dry crumb. 

The results in table 3, as was to be expected, show that the 
per cent ash and per cent calcium increase as the per cent 
milk increases. Dry skim milk when used on the same per- 
centage basis as dry whole milk gives higher calcium values. 
It will be noted that in general with each kind of milk tiie 
per cent calcium increases in fairly uniform increments with 
the exception of samples 11 and 13 for dry whole milk. The 
only explanation of this discrepancy is that the bread samples 
were made on a small commercial scale and weighed in pounds 
and ounces. It is evident that large errors could be intro- 
duced by a slight inaccuracy of weighing in pounds and 
ounces a batch containing 10 pounds of flour.® 

Although most of the results for dry whole milk are in 
fairly good agreement with those of Morison and co-workers, 
there are discrepancies. About the only explanation that 
can be offered is that Morison ’s breads were made with in- 
gredients which perhaps had slightly different calcium con- 

®A11 samples which did not fall in line were re-run in duplicate, but in all 
eases the results cheeked within 0.003% calcium. 



Per cent ash anS ealeiwm of control loaves made with various percentages of dry shim milh and dry whole milh 

on the basis of flour as 100%; 0,25% Arkady (yeast food) was used in each dough 


CD 

bO 


o 






rH 


O 


OO 


o 


05 


CO 


b- 


O 

S 


-sH 


CO 


00 


O 


CO 


ID 


CO 


CO 


b- 


<35 


03 



O 


o 


o 


rH 


rH 


rH 


o 


q 


q 


q 


rH 

> 

<1 


d 


d 


d 


O 


O 


d 


d 


d 


d 


d 


O 

CD 























■§ 

o 

o 

03 

kO 

CO 

rH 

o 

(M 

o 

o 

O 

CO 

50 

b* 

b- 

o 

rH 

b. 

b- 

b* 

tH 

<35 




CO 

CO 

00 

00 

o 

O 

CO 

CO 

CD 

»D 

CO 

CO 

CO 

b« 

b. 

b- 

<35 

<35 

OI 

rH 


o 

o 

o 

O 

O 

O 

1-H 

rH 

tH 

tH 

rH 

tH 

q 

O 

q 

q 

q 

q 

O 

O 

tH 

iH 

S 

d 

d 

d 

d 

o 

O 

O 

d 

d 

O 

O 

O 

d 

o 

d 

d 

d 

d 

O 

o 

O 

O 

a> 

bO 


lO 


05 


03 


CO 


rH 


b- 


rH 


03 


b- 


o 


rH 

a 




CO 


lO 


CO 


00 


05 


rH 


rH 


rH 


CO 


b- 



o 


o 


o 


o 


O 


O 


q 


q 


q 


o 


O 



o 


o 


o 


o 


O 


o 


d 


d 


d 


o 


O 

1 

>o 

lo 

00 

o 

r-t 

(M 

03 

CO 

o 

rH 

05 

CO 

o 

rH 

rH 

s 

52 

b 

O 

o 

rH 

CO 


CNI 

oi 

CO 

tH 

»o 

lO 

CO 

CO 

00 

00 

05 

05 

rH 

rH 

rH 

rH 

rH 

CD 

CO 

b. 


’'ft 

o 

o 

o 

o 

o 

o 

o 

o 

O 

at 

o 

o 

O 

q 

q 

q 

q 

q 

O 

q 

O 

o 

pi 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

A 

























tH 


CO 


rH 


CO 




CO 


CO 


05 


m 


b* 


b- 



00 


CO 


CO 


rH 






q 


q 


03 


in 


<35 



(M 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


rfi 


CO 


CO 

<1 























1 























§ 

tH 

rH 

03 

-Ct* 

-ct) 


lO 

CO 

tH 

rH 

rH 

03 

CO 

CO 

05 

05 

in 

in 

b- 

b- 

00 

CO 

a 

00 

CO 

CO 

CO 

CO 

CO 

rH 

rH 


t- 

t- 

l> 

w 

in 

CO 

CO 

03 

03 

»n 

in 

<35 

<35 

& 

coi 


CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

HH 

rH 

CO 

CO 

CO 

CO 

A 























P 


lO 




o 


rH 


<35 


rH 


o 


o 


rH 


rH 


CO 



t- 


o 


o 


rH 


03 


CO 


OJ 


rH 


CO 


03 


rH 

1 


rH 


C3 


G3 


03 


03 


03 


03 


C3 


03 


03 


03 

1 
























»£3 

W> 

CO 


l> 

t> 


riJ 

<35 

05 

tH 

O 

o 

o 

o 

O 

rH 

rH 

rH 

rH 

t> 

in 

a 

C- 

e> 

O 

o 

o 

O 

rH 

rH 

03 

03 

CO 

CO 

03 

03 

rH 

rH 

CO 

CO 

q 

q 

rH 

rH 

& 

i f-i 

iH 

03 

d 

03* 

CQ* 

C3 

03 

03 

03 

03 

03* 

03 

03* 

03 

03* 

03* 

03 

03 

03* 

03* 

03 

P 























S s 























§g 


03 


o 


O 


CO 


03 


05 


q 


q 


rH 


rH 


CO 

g§ 


00 


00 


00 


00 


00 






b^ 


b^ 


b 


b 

^ o 























1 


o 


O 


tv 


rH 








b; 


q 


to 


rH 



d 


ai 


d 


d 


d 


d 


o6 


bl 


00 


r>I 


00 

1^1 


CO 


03 




C3 


03 


03 


03 


03 


03 


03 


03 

s 


, 














a 


a 




a 



- 


OQ 

P 


OQ 

P 


OQ 

P 


P 


p 


o 


p 


1 


P 



1# 























s§ 


o 


03 


rH 


CO 


00 


o 


<03 


rH 


CO 


00 


o 













rH 










rH 

Jz; » 














































6 




CO 


r> 


00 


05 


O 


rH 


03 


00 


rH 


in 













tH 


rH 


rH 


tH 


rH 


rH 


Et) M 
D « 


pjGO 


Sp' 


222 


Loaves were not wrapped and moisture was not determined until 24 Lours after baking. 
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tents than those used by the authors and contained no yeast 
food. This undoubtedly accounts for the lower calcium con- 
tent of Morison’s water bread. Thus, any increase in the 
milTr content of bread would have a greater effect on a corre- 
sponding increase in per cent calcium of bread made from 
Morison’s formula than bread made from the formula used by 
the authors. 

The results for water bread of Frank and Wang (’25 a), 
Eose (’37) and Waller (’37) agree -with the result of 0.025% 
calcium on 38% moisture basis as reported in table 3. The per 
cent calcium reported by Eose (’20), Bridges ('35), Sherman 
(’37), and Fiene and Blumenthal (’38) for ‘white bread’ are 
only slightly higher. 

The results of the commercial breads which have been 
analyzed are reported in table 4. 

From table 4 the average per cent calcium for the thirty- 
nine loaves, representing twenty-seven states, was 0.128 on 
dry basis and 0.080 on 38% moisture basis. The lowest figure 
found was 0.048% on a 38% moisture basis and 0.076% calcium 
on dry basis. The highest figure was 0.145% on a 38% 
moisture basis and 0.235% calcium on dry basis. The average 
ash was 1.86% on a 38% moisture basis and 3.00% on a dry 
basis. It is interesting to point out that the average per cent 
calcium found for white bread (38% moisture basis) is much 
higher than 0.048% calcium (dry basis) for wheat, as reported 
by Sullivan ( ’33) . In the same article Sullivan reports 0.016% 
calcium (dry basis) for patent fiour which gives some idea 
of the large increase in calcium of average white bread over 
the patent flour from which it is made. 

Due to the increased amount of milk being used today in the 
bake shop, and also to the use of yeast foods, the calcium con- 
tent of commercial white bread on the market today is much 
higher than previously reported. In white bread today, the 
percentage of milk is not necessarily an indication of the per- 
centage of calcium ; in some cases the calcium content is higher 
than would be indicated from milk content alone because of 
the various t 3 T)es and percentages of yeast foods being used 
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and because some yeast foods contain relatively large quanti- 
ties of calcium salts. 

Sberman ( ’37) points out that tbe human adult needs on the 
average a minimum of 0.45 gm. of calcium per day. Assuming 
that an average person consumes six slices of average white 

TABLE 4 


Per cent ash and per icent ealdnm of commerdial white bread as sold on the open 
market in the Umted States 


NTTHBBB. 
or BRANDS 
ANALYZED 

PER CENT ! 

mile: based 

ON FLOUR 

ASl009ij 

TYPE 

or 

mils: 

AVERAGE 
PER OB£NT 
MOISTURE IN 
LOAF ^A9 

received’ 

AVERAGE 1 
PER CENT ; 
ASH 

HaO 

BASIS 

AVERAGE 
PER CENT 
ASH 

DR.Y 

BASIS 

AVERAGE 
PBROEINT 
CALCIUM 
38% KaO 
BASIS 

AVERAGE 
PER CENT 
CALCIUM 
DRY 
BASIS 

1 

2.0 

D.S.M. 

35.4 

1.84 

2.96 

0.065 

0.104 

2 

3,0 


34.1 

1.83 

2.96 

0.066 

0.106 

1 

3.5 

D.S.M. 

34.3 

1.83 

2.96 

0.072 

0.114 

3 

4.0 

D.S.M. 

34.5 

1.88 

3.03 

0.070 

0.112 

4 

5,0 

D.S.M. 

33.3 

1.81 

2.92 

0.076 

0.122 

4 

6.0 

D.S.M. 

34.9 

1.83 

2.95 

0.090 

0.145 

2 

10,0 

B.S.M. 

34.5 

2.03 

3.28 

0.141 

0.229 

1 

7.0 

I).W.M. 

31.4 

2.01 

3.24 

0.083 

0.134 

1 

4.25 

S.O.M. 

35.1 

1.76 

2.84 

0.055 

0.089 

1 

15.0 

S.C.M. 

34.9 

1.96 

3.16 

0.055 

0.089 

1 

8.0 

0,M. 

34.5 

1.69 

1 2.72 

0.051 

0.082 

1 

9.0 

i O.M. 

33.0 

1.76 

1 2.84 

0.070 

0.112 

1 

11.7 

1 O.M. 

34.8 

1 1.87 

3.10 

0.059 

0.095 

1 

10.0 

S.C.S.M. 

35.0 

1.78 

1 2.87 

0.053 

0.085 

1 

13.4 

S.C,S.M. 

24.1 

1.93 

3.12 

0.118 

0.191 

10 

Not 






i 


reported 


34.2 

1.88 

3.03 

0.075 

0.120 

3 

5.0 

j P.M. 

34.1 

1.83 

2.95 

0.087 

0.142 

1 

f 4.0 

1 P.M. 

34.0 

1.96 

3.16 

0.114 

0.184 


( 5.0 

D.S.M. 







DSM represents dry skim milk; jDWM, dry whole milk; SCM, sweetened con- 
densed. milk; CM, condensed milk; SCSM, sweetened condensed skim milk; 
and PM, powdered milk (further details on this sample were not obtained from 
the baker). 


bread per day, i.e., two slices at each meal, and that each 
slice weighs 1 ounce (28.35 gm.), which it does on the average, 
then, on the basis of the results obtained in this paper, this 
person will receive 0.136 gm. of calcium per day from bread. 
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This is 30% of his total calcium requirement for that day, 
assuming, of course, that all this calcium is assimilable. 

Sherman (’37) and Fiene and Blumenthal (’38) report 
liquid whole milk as containing 0.118% to 0.120% calcium. 
Assuming one glass of milk is f pint, it -will then contain on 
an average 0.285 gm. of calcium. Variable amounts of calcium 
may be obtained in vegetables and other foods. However, 
one glass of milk and six slices of bread a day (two slices 
at each meal) -vsdll furnish approximately an adult’s total 
daily calcium requirement. 

SUMMARY 

Ten control loaves with varying amounts of dry skim milk 
and dry whole milk were analyzed to determine the effect 
of milk solids on the calcium content of white bread. As the 
percentage of milk solids was increased, the percentage of 
ash and of calcium in the loaf also increased. 

Thirty-nine of the most popular commercial loaves of white 
bread from thirty-three bakeries and twenty-seven states have 
been analyzed for calcium. The average percentage of calcium 
found is nearly three times that reported by previous investi- 
gators; even the lowest per cent found is more than that 
previously reported and is greater than that reported by 
Sullivan for whole wheat berry. The increased use of milk 
solids and yeast foods has considerably increased the calcium 
content of commercial white bread. 

On the basis of the results, six slices of average commercial 
white bread -mil supply approximately 30% of the daily 
calcicm requirement of the average adult, assmning the total 
amount of calcium is assimilable. 
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SOME HISTOPATHOLOaiC OBSERVATIONS ON 
CHICKS DEFICIENT IN THE CHICK ANTI- 
DERMATITIS FACTOR OR PANTO- 
THENIC ACID 1 

PAUL H. PHILLIPS AND E. W. ENGEL 

Department of Biochemistry, College of Agriculture, University of Wisconsin, 

Madison * 

rOUE PIGUEBS 

(Ifceceived for publication April 27, 1939) 

It has been frequently observed that chicks on a ration low 
in the chick antidermatitis factor or pantothenic acid, de- 
veloped neuromalaeia. Generally the paralysis did not reach 
the t3q)ical ‘curled toe’ stage, but a slight paralysis was ap- 
parent. This paralysis was largely prevented by the ad- 
ministration of crystalline riboflavin. 

Previous work (’38) has shown that riboflavin prevented 
neuromalaeia of the peripheral nerves and that it would not 
completely prevent neuropathology in the spinal cord. Pre- 
liminary observations indicated that antidermatitis factor 
concentrates largely prevented the structural changes of the 
cord in chick dermatitis. It seemed desirable to determine 
whether one or both of these factors were involved in the 
nervous symptoms found in chick dermatitis. To this end a 
number of chicks suffering from dermatitis were examined 
from time to time. It soon became evident that systematic 
studies of this disease were necessary. With this in mind a 
general survey of the histopathology has been made and is 
herewith reported. 

^Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 

® These studies were aided in part by grants from the Eesearch Eunds of the 
University and from the Works Progress' Administration. 
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EXPERIMENTAL 

All birds studied in these experiments were day-old White 
Leghorn chicks fed diet 241H. This diet is a heated diet used 
by Mickelsen and his associates (’38). It produces marked 
dermatitis and death in the growing chick if unsupplemented 
by the antidermatitis factor. The first experiment® con- 
sisted of five lots of birds as follows : 

Lot I — Basal ration 241H only. 

Lot II — Basal ration + antidermatitis factor concentrate =: 40% liver. 

Lot in — ^Basal ration + riboflavin (4 ^g. per gram of ration) . 

Lot IV — ^Basal ration -f- riboflavin (same as above) -f* + nicotinic acid. 

Lot V — ^Basal ration + antidermatitis factor (same as in I) + riboflavin (same 
as in III). 

Lot VI — ^Basal ration + 10 parts blackstrap molasses. 

From five to ten birds were microscopically examined from 
each of these lots. A second experiment was likewise avail- 
able. This experiment was composed of five lots of four 
birds each. One was fed 241H only, two lots were fed 241H 
plus 1% and 2% liver respectively for positive control and 
the remaining lots were fed the synthetic peptide made by 
coupling the acid chloride fraction of the alkali inactivated 
liver concentrate with the 3-alanine ester as described by 
Woolley et al. (’39). Some of the birds reported by them 
were used for histologic study by us. 

The sciatic nerve, spinal cord, liver and kidney were 
routinely examined with a few observations on the thymus, 
th3rroid, striated muscle and skin. 

The usual histologic technics were employed throughout 
these studies. The sciatic nerves were studied by means of 
the polarizing microscope, the Marchi reaction and by silver 
impregnation of axis cylinders. The spinal cords were 
studied for Nissl material by Einarson’s method (’32), by 
the Marchi reaction and by the method of Bodian (’36). All 
other tissues were studied with the aid of hematoxylin and 
eosin. 

®We are indebted to Mr. Harry A. Waisman for his cooperation in rearing 
the birds used in these experiments. 
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BE8TJLTS 

The observations made in these studies are summarized in 
table 1. It is seen that the spinal cord structures -were af- 
fected in 100% of the cases unless concentrates of panto- 
thenic acid -were supplied. If the pantothenic acid concen- 
trate ■V9’as given ■mthout riboflavin neuromalacia developed in 
all eases. When the procedure -was reversed and riboflavin 


TABLE 1 

This shows the number of chicJcs which developed histopathologic changes in the 
various organs and tissues that were studied 


BATION TED 

NUMBBB 

or 

NEEVOnS 

SYSTEM 


OTHER TISSUES 



CASES 

Sciatic 

Spinal 

cord 

Liver 

Thymus 

Skin 

Muscle 

Thyroid 

241H only 

14 

5 

14 

1 

2 

12 

1 

. . 

241H + a.f .cone.' 

10 

10 

0 

. , 

1 

0 

1 

0 

241H + xiboflavin 

8 

0 

8 

4 

2 

8 

0 

1 

241H + a.f .cone, -j- 









riboflavin 

5 

0 

0 

2 

0 

0 

0 

0 

241H + Ba 4- ribo- 
flavin + nicotinic 









acid 

7 

0 

7 

0 

' 2 

. . 

. . 

. . 

241H 4- 10% molasses 

3 

0 

0 

0 

• . 

. . 

. . 


241H 4- synthesis 

6 

3 

0 

0 


. . 

f . 


241H 4- 1% liver 

2 

0 

1 

. . 

0 

0 

. . 


241H4'2% liver 

4 

4 

1 

0 

0 

0 

0 

1 0 


* Antidermatitis factor concentrate. 


alone •was added, no changes in the sciatic nerve were ob- 
served. Here, however, degeneration in the spinal cord was 
present in all cases. If both a pantothenic acid concentrate 
and riboflavin were added, no changes were evident in either 
the spinal cord or the sciatic nerve. Nicotinic acid was in- 
effective in preyenting the cord changes. The feeding of the 
pantothenic acid concentrate, made by the coupling of the acid 
chloride part of the alkali-inactivated liver concentrate with 
P-alanine ester, was effective in preventing cord changes, but 
the chicks developed histologic signs of neuromalacia. Liver 
at 1 and 2% was partially effective but was somewhat variable. 



230 


P. H. PHILLIPS AND B. W. ENGEL 


In most cases other tissues were less regularly affected. 
Occasionally the livers showed hydropic and fatty degenera- 
tion. If extra amounts of thiamin were added to the diet 
riboflavin was not effective in preventing these fatty livers. 
In not a few cases the thymus was in an advanced state of 
involution. This seemed to occur in thoSe birds lacking in 
either pantothenic acid or riboflavin. It did not occur when 
both were present. 

AU cases of sciatic neuropathology were typical neuro- 
malacia cases with myelin swelling, degeneration, clubbing 
and fragmentation of axis cylinders and Schwam cell pro- 
liferation as previously described (’38). 

Lesions in the spinal cord were characterized by the myelin 
degeneration of myelinated fibers distributed widely through- 
out the white matter, except in the posterior region (figs. 1 
to 4). Such degenerating fibers were observed to occur in all 
segments of the cord down to the lumbar region. In the 
brachial segment nerve cells show chromatolysis of the Nissl 
material. Such cells often presented an abnormal distribution 
of the Nissl which seemed to be an early stage of the more 
complete loss of the Nissl. These cases did not show a pro- 
nounced gliosis. It was noticed that in silver preparations 
vacuolar spaces were often observed in the cord cross section. 
In longitudinal sections degenerative changes were frequently 
observed in the axis cylinders of the affected nerves. In 
severe cases the nerve cells show fibrillae fragmentation. 

Observations on the skin showed a dry sloughing of the 
keratinized epithelium. However, incrustations about the 
corners of the mouth and the areas between the toes usu- 
ally showed distinct characteristics of dermatitis. 

These studies support the preliminary observations pub- 
lished earlier with respect to the effect of the antidermatitis 
factor upon the neuropathology of the spinal cord (’38). It 
appears that pantothenic acid is definitely established as a 
constituent of and necessary to the maintenance of the normal 
intact elements of spinal cord. 




Fig. 1 Marchi preparation of the spinal cord of a chick fed ration 241H + 
pantothenic acid concentrate + riboflavin. X 400. 

Fig. 2 Marchi section of the spinal cord of a chick fed ration 241H + 
thiamin -j- nicotinic acid -f- riboflavin. X 400. 

Fig, 3 Bodian silver preparation of the spinal cord of a chick fed ration 
241H only. Note the fragmentation of axis cylinders near the center of the field. 
X 400. 

Fig. 4 Gallocyanin preparation from a chick fed ration 241H only. Giroma- 
tolysis and early Nissl changes probably due to lack of riboflavin. X 000. 
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No pathologic changes were observed in the brains of these 
chicks although the degenerating fibers high in the spinal 
cord would lead one to suspect some neuropathology in the 
higher centers. In these studies we have followed only the 
gross histopathologic aspects. The more minute histologic 
detail must await further study. 

These studies show that the addition of pantothenic acid 
and riboflavin are necessary to eliminate neuropathology in 
chicks fed ration 241H. The former is necessary for the in- 
tact spinal cord and the latter for the peripheral nerves. 

SUMMARY AND CONCLUSIONS 

These data indicate that pantothenic acid is necessary for 
the maintenance of the normal intact structures of the spinal 
cord. Nicotinic acid, riboflavin or vitamin Bi were not ef- 
fective in preventing the spinal cord pathology in chicks fed 
ration 241H, while molasses proved to be efleotive. Chicks 
suffering from dermatitis often showed thymus involution, 
liver damage and keratitis and dermatitis in the skin. Fatty 
livers frequently occurred and were not prevented by ribo- 
flavin when thiamin was also fed. The synthetic pantothenic 
acid made from the 3-alanine ester and the acid chloride por- 
tion of the alkali-inactivated liver concentrate were highly 
effective in eliminating the spinal cord pathology. 

Pantothenic acid is necessary for the prevention of the 
neuropathology of the spinal cord in chicks suffering from 
dermatitis. 
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One is apt to gather from nutritional literature that , 
vegetables do not supply calcium efficiently. Because this is 
not in accord with the results of aVpumber of experiments, 
some covering several generations of animals (Kohman, Eddy 
and associates, ’31, ’34), this discrepancy presented itself 
as a problem wanting solution. As there seemed to be con- 
fusion about the amount of oxalates in foods and a scarcity 
of data as to the behavior and fate of oxalates in the diet, 
information on these points might be expected to throw light 
on the availability of calcium. It seemed desirable for higher 
accuracy, to make oxalate determinations under conditions 
that would avoid drastic treatment of the food and entail 
the concentration of the oxalate of a relatively large sample, 
freed from most of the other food constituents. 

METHOD OF ANALYSIS 

The following procedure was used. The samples, 400 gm., 
were first cooked tender by steaming without drainage loss. 
After thorough disintegration and an approximation of water 
content, sufficient concentrated hydrochloric acid was added 
to yield a 15% solution in the water present. This was 

^The experimental work embodied in this paper was done in 1934-1936 while 
the author was with the Research Laboratory of the National Oanner ’s Association, 
Washington, D. C. There he had the assistance of N. H. Sanborn and L. C. Smith. 
This opportunity is taken to acknowledge their part in the work, 
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allowed to stand at room temperature, with occasional stir- 
ring, not less than 2 days. 

The sample was then pressed in cheese cloth and the weights 
of the drained material and of the residue recorded. By 
direct titration of a highly diluted sample, after filtration if 
necessary, the chlorine in the two fractions was deterroined. 
On the assumption that the oxalic acid distributed itself in the 
same ratio as the chlorine, it could be calculated for the entire 
sample by a determination on the drained fraction. This as- 
sumption was proved correct for pineapples and turnip greens 
by adding varying amounts of oxalic acid and subsequent 
analysis. 

A 250 to 300 cc. sample of the drained liquid was subjected 
to 24 hours of wet ether extraction in an apparatus modeled 
after that suggested by Palkin, Murray and Watkins (’25) 
and suitably proportioned for this purpose using sintered 
glass to disperse the ether. In this the liquid to be extracted 
was 32 to 37 cm. deep and the ether coursed up through it 
from the 2.6 sq.cm, of fritted glass at a rate of 20 cc. per 
minute. When the extraction was complete, water was added 
to the extract, the ether evaporated and the water solution 
filtered. Calcium oxalate was then precipitated. After wash- 
ing and redissolving a second, and if necessary, a third pre- 
cipitation was made for complete purification. The precipitate 
was then titrated with permanganate. By precipitating the 
calcium in the titrated medium as calcium oxalate, the purity 
of the original oxalate could be gauged. All determinations 
were made in duplicate and the average is given in table 1. 
To study varietal and other factors more than one sample 
of some products were analyzed. As no significance could be 
placed on the differences, all the results were averaged and 
the number of samples is given in parenthesis. 

THE OOCIJEEENCB OF OXALATES IN FOODS 

Only a few foods, notably spinach, Swiss chard. New 
Zealand spinach, beet tops, lamb’s quarter, poke, purslane 
and rhubarb have a high oxalate content. In them, expressed 



TABLE 1 


Oxalic acid {anhydrous) in foods 


Product 

Total solids 

Oxalic acid 

Calcium 

Vegetables 

% 

% 

% 

Asparagus 

6.05 

0.0052 

0.0201 

Beans, green pod (3) 

9.58 

0.0310 

0.0440 

Beans, wax 

7.80 

0.041 

0.054 

Beans, lima (2) 

24.25 

0.0043 

0.044 

Beets, unpeeled 

8.23 

0.138 

0.018 

Beet leaves 

6.60 

0.916 

0.120 

Beet stems 

6.66 

0.338 

0.040 

Broccoli, leaves and flowers 

10.50 

0.0054 

0.21 

Broccoli, stalks 

7.57 

0.0035 

0.092 

Cabbage (2) 

8.80 

0.0077 

0.189 

Cabbage sprouts 

8.52 

0.0059 

0.150 

Cabbage, Chinese 

6.45 

0.0073 

0.210 

Carrots 

11.02 

0,033 

0.044 

Cauliflower 

8.90 

None 

0.034 

Celery stalks, bleached 

4.58 

0.034 

0.054 

Celery, soup leaves 

14.66 

0.050 

0.55 

Celery, soup stems 

10.20 

0.062 

0.18 

Collar ds (2) 

12.75 

0.0091 

0.361 

Chard, Swiss, leaves 

9.47 

0.66 

0.11 

Chard, Swiss, stalks 

7.10 

0.29 

0.045 

Chard, Swiss, leaves and stalks (2) 

8.28 

0.645 

0.129 

Chenepodium (Lamb^s quarter) 

8.20 

1.11 

0.099 

Corn, sweet, white 

25.00 

0.0014 

0.0076 

Corn, sweet, yellow (2) 

33.51 

0.0052 

0.0033 

Cress, land, wild 

15.00 

None 

0.24 

Cress, early fine curled 

8.80 

0.0106 

0.182 

Cucumbers 

3.72 

None 

0.014 

Dandelions (3) 

11.38 

0.0246 

0.171 

Egg plant 

6.18 

0.0069 

0.010 

Endive (5) 

7.58 

0.0273 

0.105 

Escarole 

6.10 

0.0116 

0.087 

Kale 

11.05 

0.013 

0.31 

Kale, minus leaf ribs 

18.05 

0.011 

0.294 

Lettuce (6) 

6.46 

0.0071 

0.073 

Mustard greens (3) 

8.40 

0.0077 

0.235 

Okra 

13.20 

0.048 

0.077 

Onions, green 

13.65 

0.023 

0.057 

Parsley 

13.70 

0.19 

0.29 

Parsnips 

22.70 

0.010 

0.049 

Peas 

19.50 

None 

0.019 

Peppers, sweet, green (3) 

7.34 

0.016 

0.0135 

Poke 

7.74 

0.476 

0.052 

Potatoes, Irish 

20.38 

0.0057 

0.0094 

Potatoes, sweet 

33.60 

0.056 

0.034 

Purslane, leaves 

9.45 

0.910 

0.13 

Purslane, stalks 

8.44 

0.518 

0.067 

Badishes 

3.75 

None 

0.028 
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TABLE 1 — Continued 


Product 

Toted solids 

Oxalic acid 

Calcium 

Vegetables 

% 

% 

% 

Rape 

10.82 

0.0015 

0.11 

Rhubarb 

6.62 

0.50 

0.044 

Spinach (53) 

10.35 

0,892 

0.122 

Spinach, canned (12) 

7.15 

0.364 

0.058 

Spinach, New Zealand, leaves 

7.60 

0.89 

0.11 

Spinach, New Zealand, stalks 

8.26 

0.65 

0.083 

Squash, green summer 

5.51 

None 

0.036 

Turnips, peeled 

8.16 

None 

0.037 

Turnips, unpeeled 

6.58 

0.0018 

0.028 

Turnip greens 

8.25 

0.0146 

0.245 

Fruits 

Apples, early summer 

12.58 

None 

0.010 

Apricots 

13.62 

0.014 

0.024 

Avacados 

14.60 

None 

0.0095 

Bananas 

23.81 

0.0064 

0.0071 

Berries, black 

12.25 

0.018 

0.038 

Berries, blue 

20.81 

0.01.5 

0.026 

Berries, black rasp 

22.10 

0.053 

0.058 

Berries, dew 

13.70 

0.014 

0.027 

Berries, green goose 

13.05 

0.088 

0.023 

Berries, red rasp 

14.10 

0.015 

0.023 

Berries, straw 

10.48 

0.019 

0.031 

Cherries, red sour 

12.18 

0.0011 

0.010 

Cherries, sweet, Bing 

24.50 

None 

0.0019 

Currants, red 

15.52 

0.019 

0.030 

Grapes, Concord 

15.30 

0.025 

0.024 

Grapes, Thompson's seedless 

23.90 

None 

0.013 

Grapefruit 

11.50 

None 

0.015 

Lemons, juice 

9.20 

None 

0.011 

Lemons, peel 

18.90 

0.083 

0.17 

Limes, juice 

10.39 

None 

0.015 

Limes, peel 

31.00 

0.11 

0.26 

Mangoes 

15.35 

None 

0.015 

Melons, cantaloup 

8.46 

None 

0.0090 

Melons, easaba 

11.22 

None 

0.0054 

Melons, honey dew 

6.08 

None 

0.0090 

Melons, water 

10.42 

None 

0.0060 

Nectarines 

14.45 

None 

0.0084 

Oranges, edible portion 

15.15 

0.024 

0.038 

Oranges, peel 

22.90 

0.078 

0.15 

Peaches, Alberta 

15.68 

0.0050 

0.012 

Peaches, Hiley 

14.10 

None 

0.0089 

Pears, Bartlett 

17.60 

0.0030 

0.014 

Pineapples, Hawaiian canned 

17.44 

0.0063 

0.019 

Plums, damson 

11.70 

0.010 

0.015 

Plums, green gage 

13.20 

None 

0.0080 

Prunes, Italian 

15.76 

0.0058 

0.12 

Tomatoes 

5.76 

0.0075 

0.010 
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as anhydrous oxalic acid, it is often considerably over 10% 
on a dry basis. One per cent in table 1 is equivalent to 1.4% 
of the usual crystalline form of oxalic acid. In most foods 
there are present mere traces. It is notable, however, that 
oxalate was obtained from all but a very few products, mostly 
fruits. 

One purpose of the analytical survey was to ascertain if 
some varieties of spinach might be relatively free of oxalate. 
This hope was not reahzed. In fifty-three samples, including 
practically all commercial and many experimental varieties 
grown in California and in Maryland as well as those shipped 
from Texas, Florida and Carolina, the average anhydrous 
oxalic acid content was 9.02% on the dry basis (maximum 
12.6, minimum 4.5). The calcium values averaged 1.25% 
(maximum 2.50, minimum 0.44). California spinach was only 
slightly lower in oxalic acid but markedly lower in calcium. 
California spinach averaged 0.59% calcium (maximum 0.84, 
minimum 0.44) while Maryland spinach averaged 1.92% (maxi- 
mum 2.50, minimum 1.42). Since a considerable number of 
mineral elements are dietary essentials, such a variation raises 
a number of important questions. 

PLAN OF FEEDING EXPERIMENTS 

As a number of widely used greens contain insignificant 
amounts of oxalates, a comparison of these with spinach 
seemed in order. Green leaf -vegetables are our richest calcium 
sources. In previous experiments Kohman, Eddy and White 
(’37) used diets of canned foods and found them to supply 
calcium eflSciently. For convenience, therefore, a basal diet 
of one can each of roast beef, peas, carrots and sweet potatoes 
was chosen. The essential analysis expressed in grams was : 


One can 

Net njoeight 

Solids 

CaZcium 

Phosphorus 

Boast beef 

362 

133 

0.054 

0.155 

Peas 

607 

111 

0.106 

0.474 

Carrots 

599 

45 

0.147 

0.156 

Sweet potatoes 

551 

184 

0.133 

0.251 


By securing a sufficient amount from one lot of each of 
these, it was possible to have a constant, uniform supply for 
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an entire series of experiments conducted over an extended 
period of time. These four foods, in the above proportion, 
were thoroughly mashed and mixed, liquid and all, and hence 
had to be eaten in that proportion. This diet was obviously 
low in calcium, i.e., 0.093%. It permitted good but not maxi- 
mum growth and bone formation, evincing efficient calcium. 
Small additions of greens (5 to 8%) were made to supply 60% 
of the calcium of the final mixture. This raised the calcium 
content to 0.22%. 

In experiment 3, table 2, some additions to the basal diet 
were on a different basis. The turnip greens in diet C sup- 
plied only 58.8% of the calcium. It was added in that amount 
to be compared with diet D, in which it was accompanied 
by an equal amount of spinach, which was half the amount 
of spinach added in diet B to supply 60% of the calcium. 
The two greens in diet D supplied 70% of the calcium and 
raised the content to 0.3%. Also in experiment 3, diet D was 
planned to be equal to diets B and B on the basis of crude 
fiber, since the effect of crude fiber on calcium availability 
has often been questioned. Diet E is equal to D both in fiber 
and calcium. 

The rats used were purchased from a large dealer who was 
able to supply large litters suitable for apportioning between 
the diets of a given experiment equally as to weight and sex. 
They were started on the experiments at 21 or 22 days of 
age when they weighed 30 to 35 gm. Six animals were always 
placed on each diet and kept in one cage with a raised wire 
bottom, three mesh to the inch. Except as noted otherwise the 
duration of the experiments was 21 days. There was an oc- 
casional death during this period and in every case it was 
an animal receiving either spinach or calcium oxalate. 

EB8IJLT8 OF FEEDING EXPEEIMENTS 

It is apparent from data in tables 2, 3 and 4 that whereas 
spinach greatly increases the calcium content of the low 
calcium but well performing basal diet, it decidedly interferes 
with both growth and bone formation. This cannot be ex- 
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TABLE 2 


Growth of rats and hone ash of alcohol-ether 

extracted dry tibia 


Dietary addition 

Weight gain 

Ash in 
tibia 

Experiment 1 — 21 days 



gm. 

% 

Turnip greens (4.5%) 


59 

43.2 

Spinach (8.2%) 


38 

33.4 

Experiment 2 — ^28 days 

None 


67 

44.7 

Calcium carbonate 


94 

50.0 

Calcium oxalate 


79 

47.6 

Turnip greens (4.5%) 


106 

51.6 

Spinach (8.2%) 


77 

45.2 

Experiment 3 — ^21 days 

None 

Diet A 

54 

44.1 

Spinach (8.8%-2S.24 gm.) 

Diet B 

40 

37.8 

Turnip greens (4.4%~11.62 gm.) 

Diet C 

87 

53.1 

Turnip greens 11.62 gm. + spinach 11,62 gm. 

Diet D 

74 

47.9 

Spinach 23,24 gm. + CaOOs 0.406 gm. 

Diet E 

46 

39.5 

Experiment 4 — 21 days 

None 


53 

45.3 

Canned spinach brand 1 


47 

40.3 

Canned spinach brand 2 


58 

40.9 

Canned spinach brand 3 


57 

43.5 

Ereshly cooked spinach 


62 

41.1 

Experiment 6 — ^21 days 

Calcium carbonate 


76 

51.1 

Spinach, + CaCOj equivalent to oxalate in spinach 


88 

53.4 

Spinach (7%) 


57 

40.5 

Kale (6%) 


79 

53.5 

Mustard greens (5%) 


84 

53.2 

Experiment 7 — ^21 days 

None 


52 

47.3 

Canned spinach brand 1 — ^not drained 


45 

45.7 

Canned spinach brand 1 — drained 


54 

45.1 

Canned spinach brand 3 — ^not drained 


52 

44.8 

Canned spinach brand 3 — drained 


56 

46.0 

Ereshly cooked spinach — ^not drained (9%) 


54 

45.5 

Ereshly cooked spinach — drained (7%) 


75 

49.1 
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plained on the basis of crude fiber. On the other hand greens 
with negligible oxalate content, such as turnip greens, kale, 
mustard greens and coUards, markedly improve growth and 
bone formation under similar conditions. If enough calcium 
carbonate is added with the spinach to balance stoichiometri- 
cally its oxalate, performance in the rat is then comparable 
with other greens. This would require, in the fifty-three 
samples analyzed, from two to nine times as much calcium 
as the spinach contains. A general impression was obtained 
that some superiority, such as sleekness of fur, resulted when 
a low oxalate bearing green supplied calcium as against an 
equivalent addition of calcium carbonate. 

In table 2 are recorded the results of a series of experi- 
ments in which the gain in weight and the per cent ash in the 
tibia was determined after feeding the basal diet alone and 
also the basal diet with various additions, to similar groups 
of animals. Each figure represents the average of six animals. 

Table 3 records the gain in weight and the gain in calcium 
per animal in other similar feeding experiments. To arrive 
at the calcium per animal at the time the feeding was started, 
a similar group of six animals was sacrificed and their calcium 
content determined. In all cases when an entire animal was 
analyzed, the food was removed the evening before, i.e. 16 
hours. In experiment 8, table 3, the food consumption was 
determined and from this the calcium utilization obtained. 
It appears that when turnip greens were added to the basal 
diet 79% of the calcium was utilized but when spinach was 
added only 15% was utilized. Assuming that the calcium 
supplied by the basal diet and the turnip greens was equally 
available, and bearing in mind that 15% of the total calcium is 
only 38% of that supplied by the basal diet, it appears that 
the spinach not only supplied no available calcium, but it 
actually rendered unavailable 41% of the calcium of the basal 
diet, i.e., the difference between 79 and 38. The sample of 
spinach used had 10.1% oxalic acid and 1.53% calcium. The 
diet to which it was added then had 0.8% oxalic acid. When 
calcium oxalate was the addition, 44% of the calcium was 
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utilized, showing that the rat can make use of a small portion 
of the calcium in it. It is notable that with turnip greens 
in the diet four times as much calcium per gram of tissue 
was deposited as with spinach in the diet. The data in tables 
3 and 4^ experiment 8, indicate a superiority of turnip greens 
over calcium carbonate in growth, calcium utilization and 
calcium deposition per unit body weight. 

TABLE 3 

Growth record and gain in ealdum 


Addition to basal diet 

Gain in 

Calcium per rat 

Calcium 
gain per 

Calcium 

weight 

Total 

Net gain 

gram, gain 
in weight 

utilized 

Experiment 5 — 21 days 


gm. 

gm. 

gm. 

gm. 

% 

Controls — 21 days old 

— 

0.1853 

— 

— 

— 

Caleimn oxalate 

62 

0.3535 

0.1682 

0.00267 

— 

Spinach (8.2%) 

56 

0.2449 

0.0596 

0,00106 

— 

Turnip greens (4,5%) 

84 

0.5300 

0.3447 

0.00410 

— 

Experiment 8 — 21 days 

Controls — 21 days old 

— 

0.2172 

— 

— 

— 

Calcium carbonate 

71 

0.4205 

0.2033 

0.00286 

70 

Calcium oxalate 

56 

0.3286 

0.1115 

0.00199 

44 

Spinach 

37 

0.2447 

0.0275 

0.00074 

15 

Turnip greens 

81 

0.4603 

0.2431 

0.00300 

79 


EECOVEET OP CALCIUM AND OXALIC ACID IN UEINE AND FECES 

In a number of these experiments the calcium and oxalate 
excreted in the urine and feces were determined in addition to 
the calcium and oxalate in the food consumed and the calcium 
deposited in the tissue. This included any endogenous oxalic 
acid which would be overshadowed by the spinach oxalate. 
The data are recorded in table 4. The collection period was 
7 or 8 days duration, thus allowing two periods in a 21-day 
experiment. The collection was begun 3 or 4 days after 
the animals were placed on a diet. There seems to be a 
tendency for less oxalic acid recovery in the second period, 
indicating that the ability to oxidize it increases with age. 
Also there is better utilization of calcium in the second period. 
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While urinary calcium may not seem high with spinach 
feeding, it represents a relatively high percentage of as- 
similated calcium, probably passing as oxalate through the 
excretory organs. 

In only one case with spinach in the diet was as much of the 
calcium utilized as was supplied by the basal diet. The ex- 

TABLE 4 

Recovery of oxalic add and calcium 


Dietary addition 


Per cent omlie acid 
recovered 

In In ,p ^ j 
urine feces 


Experiment 2 


Per cent calcium Calcium 
recovered utilized 
In In ,p ^ j 
urine feces 


Calcium oxalate 
Spinach 


8 39 47 
10 23 33 

Experiment 3 


- . , f Period 1 

14 

77 

91 

i Period 2 

18 

72 

90 


Spinach + CaCO,{ 


12 84 96 
12 78 90 


Experiment 5 


o , C Period 1 

Spmach 1 2 

Calcium oxalate j ^ 

} Period 2 

14 

10 

6 

6 

55 

34 

47 

34 

69 

44 

53 

41 

10 

3 

60 

33 

70 

36 

30 

64 

Experiment 7 


\ Period 1 

13 

50 

63 

2 

86 

88 

12 

Spinach not drained | 2 

11 

23 

34 

4 

62 

66 

34 

n ( Period 1 

8 

57 

65 

2 

57 

59 

41 

Spmach drained { ^ 

6 

27 

33 

3 

40 

43 

57 


Experiment 8 


Calcium carbonate | 

i Pe 
Pe 

Spinach J ^ 

^ ( Period 2 

Turnip greens | p®” 


, . ( Period 1 

rbonate { o 

I Period 2 

_ . ( Period 1 

^ ^ i Period 2 

Period 1 

Period 2 

f Period 1 

I Period 2 


13 

55 

68 

3 

43 

6 

73 

79 

3 

63 

11 

33 

44 

3 

73 

8 

24 

32 

8 

62 
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ception is in table 4, experiment 7. In this the spinach was 
cooked by dropping it in twice its weight of boiling water, 
allowing 7 minntes to return to boiling and then boiling 10 
minutes. After draining, its weight was 58% of the original. 
The undrained spinach was cooked 20 minutes in its adhering 
water. There was, however, very poor calcium utilization even 
with drained spinach. Numerous experimental and com- 
mercial blanching tests showed it is difficult to remove more 
than half the oxalate by this process. Spinach calcium is 
insoluble and hence not extractable. 

EXTENDED FEEDING PERIOD 

In one experiment twelve animals at 21 days of age were 
placed on each of two diets. In one group spinach supplied 
60% of the calcium and in the other turnip greens. By the 
time the age of 90 days was reached, five animals on the 
spinach diet had died while all those on the diet containing 
turnip greens were in excellent condition. The average 
weight at 90 days of age of animals receiving spinach was 
134 gm. while of those receiving turnip greens it was 205. 

In due time two litters of nine young each appeared on the 
diet with turnip greens. These were reared to the age of 
21 days when the average weight was 39 gm. in one litter and 
34 in the other, while the average weight of their parents at 
the same age was 26 gm. Some time later one litter appeared 
among the animals on the diet with spinach, all but two of 
which were dead and these were shortly eaten by their mother. 

Figures 1, 2 and 3 are photomicrographs of a tooth of an 
animal respectively on each of the three diets in experiment 
3, table 2, i.e., the basal diet alone, with spinach added and 
with turnip greens. The band across which the line is drawn 
represents the dentine layer of a rat’s tooth magnified 310 
times. The dark portion of this band designated ‘A’ is calci- 
fied while the light portion ‘B’ is uncalcified and represents 
the area where new dentine is being formed. The wide un- 
calcified area in figure 2, representing the spinach diet is 
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apparent. It should be mentioned here that the bones of 
animals receiving spinach were very soft and pliable. 

DISCUSSION 

Insofar as these data are on a comparable basis they are 
in agreement with the reports of Tisdall and Drake (’38), 
Fairbanks and Mitchell (’38) and Fincke and Sherman (’35), 
published since this work was done. They all dealt with 
calcium availability. No one seems to have studied hereto- 
fore the fate of the oxalates in the diet of the rat. This is 
perhaps of equal importance. Some oxalic acid is assimilated 
and tends to carry calcium with it into the urine. In view of 
the low solubility of calcium oxalate, there arises the question 
of any possible damage of its passage through the excretory 
tissues. The demonstration of almost universal presence of 
small amounts of oxalates in vegetables and fruits tends to 
throw doubt on the quantitative aspects of endogenous oxalic 
acid. 

CONCLUSION 

Oxalates, expressed as anhydrous oxalic acid, have been 
shown to occur to the extent of about 10% on a dry basis in 
spinach. New Zealand spinach, Swiss chard, beet tops, lamb’s 
quarter, poke, purslane and rhubarb. Traces were found in 
nearly all vegetables and fruits. 

If to a diet of meat, peas, carrots and sweet potatoes, rela- 
tively low in calcium but permitting good though not maximum 
growth and bone formation, spinach is added to the extent of 
about 8% to supply 60% of the calcium, a high percentage 
of deaths occurs among rats fed between the age of 21 and 
90 days. Eeproduction is impossible. The bones are ex- 
tremely low in calcium, tooth structure is disorganized and 
dentine poorly calcified. Spinach not only supplies no avail- 
able calcium but renders unavailable considerable of that of 
the other foods. Considerable of the oxalate appears in the 
urine, much more in the feces. 
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Turnip greens, mustard greens, kale and collards, greens 
with negligible oxalates, under similar conditions produce 
excellent ardmals that deposit four times as much calcium per 
unit body weight as those receiving spinach. 

Acknowledgment is made to Capt. A. L. Irons, Dental Corps, 
U. S. A., who prepared the photomicrographs, and to the 
experiment stations at Davis, California, Beltsville, Maryland 
and Geneva, New York, where various samples were obtained. 
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The cMck antidermatitis factor is now recognized as a 
specific member of the vitamin B complex and distinct from 
the antipellagra factor. Earlier work by Koehn and Elveh- 
jem (’37) had established that purified liver fractions 
which prevented the typical dermatitis in chicks were also 
active in the cure of blacktongue in dogs. Later work by 
Elvehjem, Madden, Strong and Woolley (’38) showed that 
the anti-blacktongue activity of these liver fractions was due 
to the presence of nicotinamide. However, when nicotinic 
acid or nicotinamide was fed to chicks placed on the heated 
diet, it was found that these compounds were completely in- 
active in preventing the typical dermatitis (Mickelsen, 
Waisman and Elvehjem, ’38 ; Dann and Subbarow, ’38). Thus 
the chick antidermatitis factor is distinct from the anti- 
peUagra factor. Eecently, in a communication from this 
laboratory (Woolley, Waisman and Elvehjem, ’39), the par- 
tial synthesis of the chick antidermatitis factor and its re- 
lation to pantothenic acid has been reported. Jukes ( ’39) has 
also reported that pantothenic acid is the chick antiderma- 
titis factor. No extensive investigations have been made on 
the distribution of pantothenic acid in animal tissues, and 
we wish to report here the distribution of the chick anti- 
dermatitis factor in meats and meat products. 

^Published witli approval of the director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by a grant from the National Live Stock 
and Meat Board made through the National Research Council. 
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The hasal ration 241H used in these assays is composed of 
yellow corn 58, wheat middlings 25 and crude casein 12; 
CaCog 1; Ca 3 ( 1 * 04)2 1; NaCl 1; hexane extract of alfalfa 
leaf meal equivalent to 1% of the original meal. The corn, 
middlings and casein were heated for 30 hours at 120° C. 
Adequate amounts of vitamin A and vitamin D were pro- 
vided hy biweekly doses with halibut liver oil. The basal 
ration was supplemented with 100 ng. of thiamin per 100 gm. 
of ration. Since the quantity of meat which replaced part of 
the basal furnished some vitamin Bi itself as shown by work 
in this laboratory (Mickelsen, Waisman and Elvehjem, ’39), 
the total amount of vitamin Bi furnished the chicks was more 
than suflScient for their requirement (Arnold and Elvehjem, 
’38) . In order to insure an adequate riboflavin intake in our 
rations aside from that furnished by the meat, 200 ng- of 
crystalline riboflavin (Merck) were added to each 100 gm. of 
ration. The rations were made up weekly and fed ad 
libitum. 

Day-old White Leghorn chicks were secured from commer- 
cial hatcheries and from the Poultry Department of the 
University. The chicks were placed on raised screens in 
heated brooders and were weighed weekly. Observations were 
made daily for lesions on the beak and legs and around the 
eyes. 

The tissues which were used in these assays were of two 
kinds. One set of samples was obtained from Chicago 
packers.^ Samples 1 to 32 were ground vacuum dried, and 
vacuum packed in tin containers before shipment to us. The 
remainder of the samples was prepared in our laboratory 
according to the method of drying described in our earlier 
publication (Mickelsen, Waisman and Elvehjem, ’39). In 
evaluating the potency of these tissues in the chick antiderma- 
titis factor, we have determined the minimum level of the 
tissues required to prevent the appearance of lesions in all 

® We wish to thank Wilson and Company, Armour and Company and Swift and 
Company for furnishing' these samples. 
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cMcks of the group over a 5-week assay period. Although 
Jukes and Lepkovsky (’36) have described a method for 
roughly calculating the concentration of the factor in the 
diet from the growth response, we feel that until a generally 
accepted standard is available, it is best to report the minimal 
level of the tissue needed for protection. 

In order to determine these minimal levels, the tissues were 
fed at various percentages of the basal heated diet. It was 
found that levels of the tissue either higher or lower than the 
minimal protective level showed corresponding graded incre- 
ments in growth and incidence of symptoms. Typical results 


TABLE X 

Typical increments in growth of chicles fed increasing levels of tissue 


TISStlB 

, .1 

SAMPLE 

NO. 

LEVEL 

fed 

AVERAUE 
WEIGHT AT 

5 WEEEIS 

NUMBER 

OE BIRDS 

NUMBER 

WITH 

SYMPTOMS 

NUMBER 
DEAD AT 

5 WEEKS 

Pork liver 

29 

0.5 

90 

5 

4 

1 


29 

1.0 

122 

4 

3 

0 


29 

2.0 

167 

4 

1 

0 


29 

4.0 

223 

8 

0 

0 

Beef lung 

78 

10 

95 

4 

2 

2 


78 

20 

135 

4 

1 

0 


6 

30 

172 

4 

0 

0 


6 

40 

199 

4 

0 

0 


obtained with chicks fed these various levels are shown in 
table 1. When pork liver was fed at 0.5, 1.0, 2.0 and 4.0% 
levels, much better growth was obtained on the 4% level 
although complete protection from the typical dermatitis was 
secured at 2%. The average weight for the four surviving 
birds on the 0.5% level was 90 gm. at the end of 5 weeks, but 
all the chicks showed the typical symptoms. The average 
weight for the chicks on the 1.0% level was 122 gm., but only 
three out of four birds had the dermatitis. The chicks on 
the 2% level had an average weight of 167 gm. after 5 weeks 
and only one bird showed the syndrome. It was found that 
eight birds on the 4% level averaged 223 gm. and aU were 
completely protected. Another indication of the better gro'wth 



250 


WAISMASr, MIOKBLSEIT AND BliVBHJBM 


obtained on levels of tissue which were higher than that 
needed for complete protection is that of beef lung. The 
average weight of the two surviving birds on the 10% level 
was 95 gm., and these showed the typical dermatitis. The 
birds on the 20% level averaged 135 gm. after 5 weeks, but 
only one out of four showed the symptoms. With 30 and 40% 
levels there was complete protection and growth was in- 
creased to 172 gm. and 199 gm. respectively. 

Table 2 presents a short smnmary of the results of the 
assays for the chick antidermatitis factor (pantothenic acid). 
Approximately 2% of the liver from the different a nim als 
studied was sufficient to protect the chicks. Three samples 
of beef liver, three of lamb liver, and two samples of veal 
liver gave protection at the 2% level. The minimal protective 
level of pork liver must be set at 3% since one out of five 
birds on the 2% level had the symptoms. It should be pointed 
out that although 2% of the liver is borderline on the basis of 
the minimal protective level, the average weight of the birds 
in the group receiving the 2% pork liver was more than twice 
that of the basal group at 5 weeks. Pork kidney was active 
at 1%, while 2% of beef kidney was necessary for complete 
protection. Lamb kidney was not fed below 5%. Beef spleen 
was active at 15% while beef brain gave complete protection 
at 5%. The minimal protective level for beef heart is 5% 
since all the chicks in the group at this level were entirely 
free from symptoms, while three out of four chicks on the 
3% level exhibited the dermatitis. One of the chicks in the 
group fed beef lung at a 20% level showed the dermatitis 
whereas a level of 30% furnished complete protection to the 
chicks. Two birds out of four in each of two groups receiv- 
ing 5% and 7.5% respectively of beef pancreas showed the 
symptoms, thus placing the minimal protective level for pan- 
creas at 10%. Beef tongue gave complete protection at 15%. 

In the ease of beef muscle there was an indication that the 
better grade of meat contained more of the chick antiderma- 
titis factor than the meat of lower quality. A sample of 
sirloin butt (sample 18) from an animal graded at the time 



TABLE 2 

Summary of the assays for the chick antidermatitis factor 


TISSXTE 

SAMPXiB 

NO. 

COMPIiETB 

PBOTBOTION 

AT LEVELS 

LfOWEST 

LEVEL 

FED 

MINIMAL 

PEOTEOTIVE 

LEVEL 



% 

% 

% 

Beef brain 

11 

20,30 

20 



57 

10,20 

10 



77 

5 

5 

5 

Beef heart 

13 

10,20 

10 



53 

10,20 

10 



73 

5,10 

3 

5 

Beef kidney 

9 

3,5 

3 



49 

3,5 

3 



84 

2,3,5 

1 

2 

Beef liver 

10 

2,4 

2 



58 

2 

1 



98 

2,4 

1 

2 

Beef lung 

6 

30,40 

30 


78 


10 

25 

Beef muscle 

18 


20 



19 

30 

20 



40 


20 



105 

35 

25 

30 

Beef spleen 

4 

20 

10 


76 

20 

10 

15 

Beef pancreas 

79 

10,20 

5 

; 10 

Beef tongue 

‘ 82 

15 

5 

15 

Lamb kidney 

22 

5,10 

5 

<5 

Lamb liver 

23 

4,10 

4 ' 



61 

2,3 

2 



96 

1,2 

1 

1 

Lamb muscle 

35 

30 

30 



80 


25 

30 

Pork kidney 

28 

3,5 

3 



62 

2,4 

2 



83 

2 

1 

1 

Pork liver 

29 

4 

0.5 



86 


1 

3 or 4 

Pork muscle 

12 

20,30 

20 



24 

20,30 

20 



25 


20 



26 


30 



30 


20 



32 


20 



34 


20 



51 

30 

20 



47 

20,30 

20 

20-30 

Veal muscle 

16 

40 

40 



44 

25,35 

25 



75 


25 

25-35 

Veal liver 

5 

4 

2 



97 

2 

1 

2 

Stewed beef heart 

87 

7.5,10 

5 

7.5 

Stewed beef spleen 

88 


5 

15 

Stewed beef kidney 

85 

5 

3 

5 

Pried beef liver 

99 

1,2,4 

I 

1 
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of slaughter as fair did not offer complete protection at a 
level of 20% whereas a similar cut from a prime steer (sample 
19) did give protection at the same level. A third sample of 
prime beef (sample 40) also offered protection at a 20% level. 
Still another sample of beef (sample 105) gave protection at 
a level of 25%. One sample of lamb muscle (sample 80) did 
not offer protection at either a level of 25% or 30%, but 30% 
of sample 35 did give complete protection and good growth. 

Nine different samples of pork muscle were assayed and in 
general it appears that the minimal protective level is between 
20 and 30%. There was considerable variation in the potency 
of these samples. Pork loin (sample 30) did not protect the 
chicks from dermatitis nor did it produce good growth when 
fed at levels as high as 30%, whereas sample 24 at a level of 
20% afforded protection and induced fair growth. A sample 
of pork shoulder (sample 25) and one of pork ham (sample 
26) produced borderline protection at levels of 20 and 30% 
respectively as shown by the fact that one chick in each of 
these groups had slight symptoms of dermatitis. Another 
sample of pork ham (sample 51) did not give complete pro- 
tection at the 20% level but did give it at the 30% level. Three 
samples of veal muscle also showed variations in their ability 
to prevent chick dermatitis. Sample 44 afforded complete 
protection at a level of 35% while sample 75 at the same level 
was not able to protect the birds completely. Sample 16 at 
a level of 40% gave complete protection and good growth. 

Although it had previously been shown that the chick anti- 
dermatitis factor was labile to dry heating but stable to auto- 
claving, no reports have appeared on the influence of cooking 
on this factor. A few cooked samples described in our earlier 
paper (Mickelsen, Waisman and Elvehjem, ’39) and a sample 
of fried beef liver were assayed in an effort to determine the 
destruction produced by these methods of cooking. The 
stewed beef heart had to be fed at a level of 7.5% in order 
to produce complete protection while the uncooked beef heart 
was active at a level of 5%. Stewed beef kidney was protec- 
tive at a level of 5% which is in contrast to the activity of the 
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uncooked sample at a level of 2%. The sample of stewed beef 
spleen was fed at a level of 15% in order to produce com- 
plete protection whereas the uncooked sample was active at a 
level of 10%. We have found that fried beef liver fed at a 
1% level protects the chicks from dermatitis but does not 
allow good growth. When this sample was fed at a 2% level 
there was complete protection and good growth, indicating 
that under the method of frying employed, there was no 
destruction of the factor. It is of interest to note that we 
have observed slightly better growth on the 2% of fried beef 
liver than on 2%, of the untreated tissue of the same animal. 
In one series the average weight of the birds receiving the un- 
treated liver was 172 gm. at 5 weeks, while that of the birds 
receiving the fried liver was 263 gm. A comparison of the 
average weight of twelve chicks on 2% of untreated liver 
with the average weight of ten chicks on the fried liver gives 
202 grams and 241 gm. respectively. 

DISCUSSION 

The results of these assays indicate that liver and kidney 
from various animals are two of the richest animal sources 
of the chick antidermatitis factor. A level of 2% will furnish 
complete protection and produce good growth. Beef heart 
and beef brain are next in potency with the minimal level at 
5% while between 10 and 15% of beef spleen are required for 
protection. Beef pancreas is protective at 10% and beef 
tongue is active at the 15% level. In contrast to these values 
the muscles of pork, beef, lamb and veal are required at 
levels between 25 and 35% before any protection is obtained. 
Beef lung was also required at a level between 25 and 30% 
before it gave complete protection. Jukes and Lepkovsky 
(’36) found that 24% of meat scraps was a poor source of 
the filtrate factor. Jukes (’37) fed vacuum dried beef round 
at 25 and 50% levels and concluded that it had a low filtrate 
factor value. We have found that the minimal protective 
level for beef muscle is 25% and is of much lower potency 
when compared to the organs of the same specie. 
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The influence of stewing on the chick antidermatitis content 
of beef heart, beef spleen and beef kidney is readily brought 
out by a comparison of the untreated and cooked samples. It 
can be concluded that approximately one-third of the potency 
was lost by this method of cooking. This decreased potency 
of the cooked meats can be best explained by the partial 
extraction of the factor by the water in which the meat was 
cooked. The influence of frying on the potency of liver is 
evidently not of significance since the chicks were protected 
from symptoms at the 1 and 2% levels. At present it is diffi- 
cult to explain the increased growth obtained in the groups 
receiving the fried liver over that of those receiving the un- 
cooked tissue. This finding was consistent in a number of 
trials and cannot be attributed to a fortuitous choice of chicks. 

It is interesting to consider the variations in the amount of 
the various water soluble vitamins in the same tissue. A 
comparison of the distribution of the chick antidermatitis 
factor with that of vitamin Bi indicates that the highest con- 
centration of vitamin Bi was found in pork ham, yet this 
tissue was lowest in the chick antidermatis factor. The values 
for liver and kidney also demonstrate the wide differences in 
the occurrence of the two factors. Here again the liver and 
kidney are comparatively low in vitamin Bi when compared 
to other tissues and are the richest in the chick antiderma- 
titis factor. We found very little variation in the chick anti- 
dermatitis factor content of these tissues obtained from differ- 
ent species. The minimal protective level for pork, beef and 
veal liver was 2% while the muscle tissue from lamb, beef, 
pork and veal offered protection at levels between 25 and 30%. 

Work from this laboratory (Peterson and Elvehjem, ’39) 
indicates that from 2 to 6% of dried yeasts grown on various 
media will give complete protection from dermatitis in chicks 
fed the heated basal diet. Dried liver and kidney can be con- 
sidered equally good sources of the chick antidermatitis factor 
(pantothenic acid) since these tissues are also active at the 
2% level. 
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The use of our heated basal diet 241H -was fully satis- 
factory for the assay of the chick antidermatitis factor (panto- 
thenic acid). We have obtained growth with this diet when 
a good source of the chick factor was supplied. However, an 
interesting observation was made on the growth of the chicks 
receiving certain levels of the tissues. Fairly good growth 
was observed in some of the groups even though the chicks 
showed typical dermatitis. When 1% of beef liver was fed 
to one group, the four birds showed the syndrome but the 
average weight reached 115 gm. at 5 weeks which is nearly 
twice that of the chicks on the basal diet. In the ease of 10^ 
beef spleen (sample 76) the average growth was 154 gm. but 
three birds showed dermatitis. Typical lesions were also 
observed in three of the chicks getting 5% beef tongue 
(ssunple 82) while the average growth was 117 gm. These 
few examples are sufficient to suggest a possible distinction 
between the chick antidermatitis factor and a growth- 
promoting substance. We cannot say definitely at present 
that the factor which protects against dermatitis in chicks 
■wiU also stimulate growth or that the two factors are distinct. 
While our work was in progress, Bauemf eind et al. ( ’38) indi- 
cated that a new factor was required for growth and re- 
production in the domestic fowl. They found that the factor 
is destroyed by the method of preparation of the heated diet. 
Although the minimal protective levels of our tissues pro- 
tected the chicks from symptoms and at the same time pro- 
duced good growth, the lower levels of the same tissues fre- 
quently produced much better growth than that obtained on 
the basal ration even though the birds showed dermatitis. 
This is evidence that the heated diet is probably deficient in 
a factor other than that which protects against chick 
dermatitis. 

SUMMAET 

1. The minimal protective levels for the chick antiderma- 
titis factor (pantothenic acid) in meat and meat products have 
been determined. 
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2. The liver and kidney of varions species were found to 
be the richest sources of the factor, followed by heart, spleen, 
brain, pancreas, tongue and lung. The muscular tissues of 
beef, lamb, pork and veal had the least potency. 

3. The ordinary household method of stewing decreased the 
potency of kidney, heart and spleen by one-third. 

4. The factor in liver was not destroyed by frying. On 
the contrary, better growth was consistently obtained with 
the fried beef liver than with the uncooked tissue. 
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It is a matter of some practical importance to determine 
how closely the composition of diets can be approximated by 
calcnlations based upon tables giving mean analytical values 
for each component foodstuff. This applies particularly to 
the calcium content of human dietaries since it is known that 
the coefficient of variation with respect to the calcium content 
of many food stuffs is conspicuously large (Sherman, ’37). 
Where analyses of diets for calcium content have been made 
and the results compared with values computed by reference 
to various tables (Bauer and Aub, ’27; Bassett and van 
Alstine, ’35), the determined values have been found to be 
significantly and quite consistently lower than the calculated 
estimates. A discrepancy in the same direction and of similar 
degree was noted by us in the course of our own metabolic 
studies. 

Sherman’s continued investigations of the composition of 
foods have led to revision of the mean calcium content of 
certain foodstuffs (Sherman, ’37). It seemed to us of inter- 
est to compare the determined with the calculated calcium 
content of a number of representative diets, utilizing the re- 
vised data recently made avaOable. As the validity of such 
comparisons depends, in part, upon the variation inherent in 
our methods of analysis, we have summarized in table 1 our 
results of determinations made in consecutive periods of 
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representative diets. Table 1 indicates the range of varia- 
tion in found values attributable to variations in the calcium 
content of raw foodstuffs plus technical errors in sampling, 
due to losses in cooking of foods and in chemical analysis. 
It should be emphasized that the determined values used for 
comparisons with Sherman’s figures for raw foodstuffs (Sher- 
man, ’26, ’37) are the results of analysis of cooked foods 

TABLE 1 

Eesults of calcium analyses of diets in consecutive 5-day periods showi/ng scatter 
due to S variations in 1. Ca content of raw foodstuffs, sampling, 

S. losses in cooking, 4. chemical analyses 



Determined 

Deviation 



Determined 

Deviation 

Period Ca content 

from 

Diet 

Period 

Ca content 

from 


of diet 

mean 



of diet 

mean 


{mg. per day) 

{mg.) 



{mg. per day) 

{mg.) 

1 

911 

—39 

E 

1 

473 

+ 5 

2 

945 

— 5 


2 

460 

— 8 

3 

994 

+44 


3 

468 

± 0 


Mean = 950 



4 

448 

—20 

1 

926 

+55 


5 

494 

+26 

2 

848 

—23 


6 

460 

— 8 

3 

892 

+21 


7 

472 

+ 4 

4 

878 

+ 7 



Mean = 468 


5 

810 

—61 

E 

1 

466 

+14 


Mean = 871 



2 

450 

— 2 

1 

1072 

—27 


3 

446 

— 6 

2 

1106 

— 3 


4 

432 

-20 

3 

1240 

+131 


5 

448 

— 4 

4 

1068 

-^41 


6 

468 

+16 

5 

1088 

—21 


7 

456 

+ 4 

6 

1122 

+13 


8 

452 

± 0 

7 

1066 

—43 



Mean == 452 



Mean = 1109 


G 

1 

678 

— 2 

1 

465 

+21 


2 

696 

+16 

2 

452 

+ 8 


3 

674 

— 6 

3 

474 

+30 


4 

690 

+10 

4 

438 

— 6 


5 

746 

+66 

5 

410 

—34 


6 

668 

—12 

6 

448 

+ 4 


7 

660 

—20 

7 

422 

—22 


8 

670 

—10 


Mean = 444 



9 

668 

—12 





10 

656 

—24 





11 

678 

— 2 






Mean = 680 
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prepared tinder conditions designed to minimize leacMng ont 
of noinerals. 


METHODS 

Tlie general procedure outlined by Bauer and Aub (’27) 
was followed in our mineral balance studies, which were con- 
ducted in the metabolism wards of the Presbyterian Hospital 
under the supervision of a specially-trained personnel. The 
dietaries were calculated and the raw foods weighed and pre- 
pared in a diet kitchen adjoining the metabolism ward, under 
the direction of the dietitian in charge. Ba order to minimize 
variations in composition, quantities of raw food sufficient for 
one 5-day period (or two 3-day periods, in some instances) 
plus enough food for 1 extra day were purchased from uni- 
form sources at the beginning of the metabohc period. Foods 
subject to quick deterioration were divided into two portions, 
the part not required for immediate use being stored in a 
special low-temperature refrigerator. In order to minimize 
loss of mineral content, the food was weighed, cooked and 
served in the same dish; in the case of vegetables and fruits 
(when not served raw) the cooking being done in high glazed, 
covered casseroles by pressure without addition of water. 
Meats were broiled on a large-mesh wire grill over a casserole 
to catch drippings and were served in that casserole. The 
extra day’s aliquot of food was weighed and prepared ex- 
actly as for the trays tendered daily to the patient but was 
submitted to the laboratory for analysis. There the foods 
with their juices were removed quantitatively, minced and 
thoroughly mixed by hand at first, more recently with a meat 
grinder and mechanical stirrer. The food mass was dried, 
pulverized and triplicate 1 to 2 gm. samples removed for 
ashing in a muffle furnace. After treatment of the ash in the 
manner described by Tisdall and Kramer (’21), calcium was 
determined by the Clark and Collip (’25) modification of that 
method. 
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RESULTS 

Table 2 summarizes comparisons between determined values 
for tbe calcium content of diets and values calculated by ref- 
erence to tables published by Sherman in 1926 and to the 
revised 1937 figures. The data comprise twenty-eight obser- 
vations made in the course of metabolic studies on twenty-one 
cases during the period 1930 to 1939. As the comparisons 
appear to vary significantly according to the dietary calcium 
level, they are divided into two groups : high and intermediate 
calcium diets containing more than 400 mg. per day, and low 
calcium diets containing less than 200 mg. per day. The data 
in each group are arranged in order of increasing negativity 
of the value determined minus calculated (by 1937 figures), 
expressed in percent of the calculated estimate. The month 
and year of each observation are recorded though no definite 
seasonal trend could be recognized. 

The point of major interest in these results (table 2) con- 
cerns the consistency and degree of the positive deviation 
from determined values observed in calculated estimates, 
whether based upon the 1926 or upon the revised 1937 figures. 
The calculated estimates exceeded determined values more 
consistently in low calcium diets (in fourteen of sixteen ob- 
servations) than in intermediate or high calcium diets (eight 
of twelve observations using the 1937 figures). In these latter 
diets, too, the scatter in percentage deviations of the calcu- 
lated values was found to be smaller, showing a total range of 
+13 to —24% as compared with +16 to —49%. The abso- 
lute error in milligrams calcium, however, may be much larger 
in high than in low calcium diets. 

The use of Sherman ’s revised figures for the mean calcium 
content of foodstuffs invariably yielded lower net values for 
total calcium content than were obtained with the use of 
earlier figures. The difference was small in low calcium diets 
where it was due almost entirely to lower mean values for 
orange and other fruit juices. 

In general, the revised figures appear to afford better agree- 
ment between determined and calculated values for the cal- 
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TABLE 2 

Comparison of determined with calculated values for the calcium content of 

human dietaries 


Case 

Date 

Calcium in diet {mg. per day) 
Deter- Calculated 

Determ ined minus 
calculated 

Det. minus 
calculated 



mined 

{Sherman 

1926) 

{Sherman 

1937) 

{Sherman 

1926) 

{Sherman 

1937) 

Calculated 
{8 1937) 






mg. 

mg. 

% 



I. High and intermediate 

calcium diets 



Me. 

III-31 

923 

840 

803 

+ 83 

+120 

+13 

Oe. 

IV-31 

1109^ 

1041 

1001 

+ 68 

+108 

+10 

Wo. 

XII-32 

992 

1006 

941 

14 

+ 51 

+ 5 

Wo. 

XII-32 

981 

1006 

941 

— 25 

+ 40 

+ 4 

St. 

1-37 

680" 

715 

688® 

35 

— . 8 

— 1 

Mm. 

V-37 

1716 

2589 3 

1765 


— 49 

— 3 

Pa. 

21-30 

871" 

952 

906 

— 81 

— 35 

— 4 

Mk. 

2-37 

2010 

2259 

2105 

—249 

— 95 

— 5 

FI. 

2-36 

452" 

541 

507 3 

— 89 

— 55 

—12 

Bo. 

11-38 

444" 

566 

530 

—122 

— 86 

—19 

Mm. 

V-37 

1178 

1560 

1473 

—382 

-295 

—20 

Bo. 

1-38 

QO 

644 

579 

—176 

—111 

—24 




II. Low calcium diets 



No. 

n-36 

126 

113 

109 

4- 13 

+ 17 

+16 

Mo. 

2-38 

138 

136 

131 

+ 2 

+ 7 

+ 5 

Sc. 

vn-38 

157 

180 

168 

— 23 

— 11 

— 7 

Gr. 

yiII-33 

118 

131 

128 

— 13 

— 10 

— 8 

Li. 

VIII-36 

96 

119 

115 

— 23 

— 19 

—17 

Li. 

VIII-36 

94 

119 

115 

— 26 

— 21 

—18 

Mh. 

21-37 

128 

174 

173 

— 46 

— 45 

—26 

De. 

V-37 

115 

169 

161 

54 

— 46 

—29 

Ba. 

VI-37 

126 

210 

183 

— 84 

— 57 

—31 

We. 

IV-38 

110 

180 

163 

— 70 

— 53 

—32 

Sa. 

IV-33 

80 

131 

127 

— 51 

— 47 

—37 

Mm. 

IV-37 

70 

119 

115 

— 49 

— 45 

—39 

Mm. 

IV-37 

69 

119 

115 

— 50 

— 46 

—40 

Wo. 

211-32 

73 

130 

126 

— 57 

— 53 

—41 

Gu. 

IV-38 

100 

183 

171 

— 83 

— 71 

—42 

Le. 

11-39 

44 

101 

86 

— 56 

— 42 

—49 


^Mean of several periods (see table 1). 

® Milk powder (Bryco) used instead of milk and calculated 10 gm. Dryco = 95 
gm. skimmed milk. 

® Cottage cheese calculated as hard cheese. 
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dLum content of diets than do the older figures. This obtained, 
for example, in twenty-two of the twenty-eight diets in our 
series. However, even with the use of the revised figures the 
calculated estimates were still too high in twenty-two of the 
twenty-eight diets studied; in our sixteen low calcium diets 
the positive deviation exceeded 25% of the calculated value 
in ten instances. Loss of calcium in cooking may account for 
part of this discrepancy. But because of the precautions 
taken in this regard, we doubt that the discrepancy can be 
explained wholly in this way, particularly in the low calcium 
diets in which the major portion of the calcium content was 
supplied by uncooked foods. 

Our figures emphasize again the hazards of employing cal- 
culated estimates of the calcium content of diets when con- 
ducting calcium balances for clinical or metabolic studies. 
Variables affecting the absorption and utilization of calcium 
from dietary sources constitute further sources of error not 
indicated by our analyses. 


SUMMAET 

The calcium content of sixteen low calcium diets and twelve 
intermediate and high calcium diets was determioed by analy- 
sis. The results were compared with the dietary calcium con- 
tent as computed by reference to tables giving mean calcium 
contents of the component foodstuffs. In twenty-two of 
twenty-eight observations, Sherman’s revised (’37) tables 
gave better agreement between calculated and found values 
than did earlier figures. A disproportionate number of calcu- 
lated estimates, however, whether based upon earlier or upon 
revised data, exceeded the determined values, the positive 
deviation being greater than 25% of the calculated value in 
ten of sixteen low calcium diets. 
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THE RAT GROWTH FACTORS OF THE FILTRATE 
FRACTION OF LIVER EXTRACTS ^ 


GEORGE H. HITCHINGS AND Y. SUBBAROW 
Department of Physiology, Earmrd School of Public Eealth and Department of 
Biological Chemistry, Harvard Medical School, Boston, Massachusetts 

ONE nouRE 

(Received for publication May 4, 1939) 


The B group of vitamins has been shown to contain one or 
more unknown substances in addition to the factors thiamin, 
riboflavin and vitamin Bg, which already have been isolated 
(Schultz, ’37, ’38; Lepkovsky, ’36; Frost, ’37; Edgar, ’37). 
Both yeast (Edgar, ’37 ; Schultz, ’37, ’38) and liver extracts 
(Lepkovsky, ’37; Oleson, ’39; Frost, ’39; Edgar, ’38 a) have 
been used as sources of the unknown substances. The extracts 
from the two sources have been found to have similar, but not 
identical, properties. Specifically, Edgar and Macrae (’37) 
reported that treatment of yeast extracts with fuller’s earth 
results in a sharp partition of the rat growth-promoting 
activity. When given singly, neither the fiitrate nor the 
adsorbate has more than slight activity; but when both are 
given, complete growth results. Edgar, El Sadr and Macrae 
(’38 a) found that fuller’s earth treatment did not yield 
inactive fractions when applied to liver extracts. However, 
fractions with the same biological properties as the yeast 
eluate and filtrate fractions could be prepared by other means. 

On the other hand, Oleson, Bird, Elvehjem and Hart (’39) 
report that when their liver extracts are treated with fuller’s 
earth, neither the filtrate nor the eluate actively promotes 

^ These investigations have been supported in part by the Ella Sachs Plata 
Poundation and the Proctor Pund of Harvard University. 
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growth. Moreover, when both fractions are given, the ani- 
naals fail to grow normally, although symptoms of deficiency 
diseases are prevented. 

The present paper is concerned with the study of the rat 
growth-promoting substances of the so-called ‘95% alcoholic 
filtrate’ of liver (Cohn fraction F, ’27). This starting 
material, on treatment with fuller’s earth, yields two frac- 
tions, both of which are relatively inactive when given sepa- 
rately but in combination have the full activity of the original 
extract. The 95% alcoholic filtrate, therefore, is a convenient 
starting material for a study of the growth-promoting sub- 
stances of the fuller’s earth filtrate. A report of the progress 
made on this problem follows. 

EXPEBIMENTAL 

Diet. The basal diet (BF) used consists of the following: 
casein 200, peanut oil 80, cod liver oil 20, sucrose 120, corn- 
starch 500, wood flour 40, salts (Osborne and Mendel, ’19) 40. 
The casein is heated on the water bath under reflux condenser 
with 2.5 parts of 95% ethanol for a period of 6 hours; this 
procedure is repeated twice. 

For most of the experiments reported herein, the basal 
diet was supplemented by the addition of fuller’s earth ad- 
sorbate (S4). When used, 5.4 gm. of fuller’s earth adsorbate, 
prepared as described below, was incorporated in 1 kg. of 
the basal diet. 

Thiamin and riboflavin were given in doses of 70 and 80 y, 
respectively, three times each week to all animals. 

The various liver fractions under investigation were ad- 
ministered orally from a 1 cc. calibrated hypodermic syringe 
in equal doses (usually 0.2 cc.) three times each week. 

Experimental animals. All the albino rats used for the ex- 
periment were from inbred stock of The Wistar Institute 
strain. The mothers and young were placed on the basal diet 
of the experiment (either S4 or BF) when the young reached 
a weight of 30 to 35 gm., and the young were weaned and 
isolated when they reached a weight of 40 to 50 gm. at about 
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24 days of age. Unless otherwise noted, each test group con- 
tained six animals, three males and three females, in most 
instances each pair coming from a different f amily . 

Preparation of liver extract fractions 

Commercial 95% alcoholic filtrate, a by-product in the 
preparation of the pernicious-anemia curative material in 
pig’s liver extract, was used as the starting material for aU 
supplements. Each cubic centimeter of this solution repre- 
sents material from aproximately 100 gm. of raw liver. The 
concentration of each of the various fractions has been re- 
ferred to the quantity of original liver represented in the 
starting material. 

Fuller’s earth filtrate and adsorbate. The 95% alcoholic 
filtrate was treated at pH = l with 0.5 gm. of fuller’s earth 
for each 100 gm. of liver represented in the solution. After 
stirring for about 30 minutes, the solution was filtered and 
the adsorbate was washed with water and air-dried. This 
adsorbate was used without elution as the S4 supplement. An 
aliquot of the filtrate was diluted to a concentration equiva- 
lent to 60 gm. of liver per cubic centimeter. This has been 
designated as fraction S2, 

The procedures used for concentrating the active substance 
of the fuller’s earth filtrate are illustrated in chart 1. 

Hydrolyzed preparations (S2H2, S1H3). To solutions of 
the ether precipitate (S22) and the purified fuller’s earth 
filtrate (S13), respectively, H2SO4 was added until the solu- 
tion was distinctly acid to thymol blue. H2SO4 in an amount 
equivalent to 0.2 normal additional acid in the final solution 
then was added. Finally, the solution was heated for 60 
minutes on a boiling water bath, cooled, neutralized with 
NaOH and filtered. 

Fraction S22 treated as described above is designated as 
S2H2, and fraction S13 as S1H3. 

Mercury filtrate (S33) and precipitate (S30). Purified 
fuller’s earth fiOitrate (S13) was treated with an excess of 
mercuric acetate (1.2 volumes of 20% mercuric acetate solu- 
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CHART 1 

Steps in the concentration of the growth-promotmg substances of liver extracts 
IncLCtive fractions Partially active fractions Active fractions 

95% alcoholic filtrate. Extract 
•with amyl alcohol at pH 4.5 

Aqueous residue — 


Amyl alcoholic solution. Extract 
with NaOH 

Amyl alcoholic solution 1 

Aqueous solution. Treat with 
charcoal 

Aqueous solution^ 

Charcoal adsorbate. Elute with 
60% aqueous ethanol 

Charcoal residue < 

'i' 

Alcoholic eluate. Evaporate. 
Dilute with water (S13). Neu- 
tralize to pH 7.0. Continuous 
ether extraction for 24 hours 

Ether extract (S19)<— 1 

Aqueous solution. Acidify with 
1/15 volume of 10 N H^SO*. 
Continuous ether extraction for 
48 hours 

Acid aqueous residue (827 )< 

Ether extract. Evaporate (S18). 
Neutralize with brucine. Dry. 
Dissolve in chloroform. Extract 
with water. 


Chloroform solution^ 


Aqueous extract. Convert to 
calcium salts. Concentrate. Add 
10 volumes of absolute ethanol 

Precipitate (S23)< — 

V 

Alcoholic solution. Add ether in 


Ether filtrate (S25)<- 


Precipitate (S22) 
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tion) and the mixture was allowed to stand overnight in the 
refrigerator. The mixture was centrifuged, and the pre- 
cipitate was washed once with water. The precipitate and the 
combined filtrate and washings were decomposed in the cold 
with HjS. The solutions were aerated, filtered and the fil- 
trates were neutralized with sodium hydroxide solution. 

EESIJIiTS 

The results obtained in testing the biological activity of the 
various fractions described in the preceding section are pre- 
sented in table 1. The results have been expressed as the 
average gain in weight per week for each group (six rats ex- 
cept where otherwise stated). Most tests were run for at 
least 5 weeks. The average gain per week for a 5-week period 
has been tabulated in the last column and forms the basis 
for evaluating the relative activity of each fraction. In. 
general, fractions were considered active when the rate of 
gain in weight exceeded that of the controls by 50%. 

In order to illustrate the differences in rates of growth 
obtained with different fractions, examples of the experi- 
ments with fractions S4, S13 and S22 have been plotted in 
figure 1. The significance of the results will be discussed 
subsequently. 

It should be noted that even with the addition of supple- 
ments which give excellent initial weight increases, the rate 
of gain is not maintained throughout the 5-week period. This 
suggests that even the crude fractions S2 and S4 do not 
contain aU the substances essential for sustained growth in 
optimum amounts (v.i., p. 273). 

The basal diet without added liver supplement supported 
a negligible increase in weight. Addition of the fuller’s earth 
filtrate (S2) alone gave an average weight increase of 9.3 gm. 
per week and of the fuller’s earth adsorbate (S4) alone gave 
an increase of 6.7 gm. per week. Administering the two to- 
gether gave a weight increase of 18.4 gm. per week. There- 
fore, progress in concentrating the active material of the 
fuller’s earth filtrate could be followed by measuring the 
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growth obtained upon administering the various fractions to 
animals receiving S4 in the diet. 

Using these criteria it was found that the growth-promoting 
factors could be shaken out into amyl alcohol from acid solu- 
tion, taken back into dilute sodium hydroxide, adsorbed on 
carbon and eluted with aqueous ethanol without great loss 
(S13). From this preparation part of the activity could be 

TABLB 1 


Biological response to various liver extract fractions added to basal diet BF 


SUPLEMENT ADDED TO 
BASAIi DIET 



AVERAGE GAIN' IK 
WEIGHT BACH WEEK 


AVERAGE 
GAIN PER 
WEEK 
5-WEBK 
PERIOD 

Sixperiment 

no. 

Description 

Amount 
as liver 
equivalent 
in grams 
per week 
per rat ^ 

1 

2 

3 

4 

5 


None 


gm. 

0.0 

gm. 

0.3 

gm. 

0.0 

gm. 

0.3 

gm. 

—0.5 

gm. 

0.0 

S2 

Fullers ^ earth filtrate 

36 

8.0 

9.2 

9.3 

9.3 

10.9 

9.3 

S4 

Fullers^ earth ad- 
sorbate 

60-90 

7.2 

9.0 

7.5 

6.0 

3.8 

6.7 

82+84 

Fullers ' earth filtrate 

36 

18.3 

17.9 

20.7 

20.2 

14.9 

18.4 

S13+S4 

Purified F.E.F. 

60 

25.0 

20.7 

20.0 

17.0 

14.6 

19.5 

819+84 

Neutral ether extract 

140 

4.8 

6.0 

7.0 

8.0 

8.0 

6.8 

818+84 

Acid ether extract 

140 

20.0 

16,5 

15.0 

. . 

, . 

(17.2) 

818+84 

Acid ether extract 

690 

22.5 

25.5 

17.0 

12.2 

• . 

(19.3) 

827+84 

Residue from ether ! 
extraction 

140 

8.2 

10.8 

15.0 

11.5 

11.3 

11.4 

S23+S4‘ 

Alcohol precipitate 

640 

9.8 

16.8 

19.5 

11,5 


(14.4) 

S22+S4‘ 

Ether precipitate 

320 

20.5 

15.8 

17.3 

11.3 

9.8 

14.9 

S22+S27+S4‘ 


s 

16.3 

18.7 

22.2 

11.7 

12.8 

16.3 

825+84 

Ether filtrate 

580 

9.5 

16.5 

14.5 

12.3 


(13.2) 

S2H2+S4 

822 hydrolyzed 

290 

7.8 

4.3 

6.0 

8.5 

8.5 

7.0 

S1H3+S4 

813 hydrolyzed 

60 

10.5 

14.7 

13.7 

12.9 

11.9 

12.7 

833+84 

Mercury filtrate 

60 

12.8 

23.2 

20.2 

15.8 

6.8 

15.8 

830+84 

Mercury precipitate 

60 

11.3 

10.0 

6.8 

7.7 

. . 

(9.0) 

833+830+84 


8 

15.5 

20.8 

19.0 

17.8 

9.2 

16.5 

819+822+84 


3 

14.7 

19.0 

20.2 

11.8 

11.0 

15.3 


‘Pour rats instead of six were in each of these series. 

“This refers to the amount of supplement other than S4, which when supplied 
was constant throughout. 

* Each supplement was administered in an amount equal to that shown for the 
same supplement when given above. 
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extracted by ether from acid (S18) but not from neutral (S19) 
solution. The procedure was attended by considerable loss 
indicated by the increase in the amount of liver equivalent 
needed to promote rat growth. Neither the extract (S18) nor 
the residue (827) is as active as the original material (813). 


12113138 



Fig. 1 Examples of average weight curves of rats given various liver extracts 
as supplements to the basal diet. Experiments with S13 -f* ^^id. S4 were each 

carried out with a group of six rats; the experiment with S22 + S4, with a 
group of four rats. All animals had received the supplement S4 since weaning. 
The other supplements were added at the times indicated by the arrows. 


Moreover, when the most active fraction of the ether-extract- 
able material is given along with the residue (822 -{- 827) the 
activity of the original extract is not reached even when both 
fractions are given in greater amounts. The ether extraction, 
however, serves the useful purpose of separating much of the 
active substance from a large amount of inert material. 
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When the brucine' salts, from S18, are partitioned between 
water and chloroform, the greater part of the activity goes 
into the aqueous phase. This was shown by determining the 
activity contained in the calcium salts of the fractions S23, 
S22 and S25. The first of these, the alcoholic precipitate 
(S23), showed some growth-promoting activity. However, 
its activity was less than that of the second, the ether precipi- 
tate (S22), in spite of the fact that the growth rate per week 
with each fraction apparently was the same. This follows 
from the fact that S23 was given in an amount equal to twice 
the liver equivalent of S22. The calcium salt from the ether 
filtrate (S25) did not differ significantly in activity from S23. 
It is of interest that the activity of S18 is approximately ac- 
counted for by the sum of the activties of S22, S23 and S25 
when compared on the same liver equivalent basis. 

The growth-promoting material of the ether precipitate 
(S22) apparently was destroyed by acid hydrolysis (S2H2), 
The weight increase of 7.0 gm. per week may be compared 
with that of 6.7 gm. found when S4 alone was administered. 
However, the purified fuller’s earth filtrate (S13) after simi- 
lar treatment was able to support growth at a rate of 12.7 gm. 
per week (S1H3). This may be compared with the rate of 
19.5 gm. found with unhydrolyzed fuller’s earth filtrate. 

Mercuric acetate precipitation removes a very large amount 
of material which is nearly inert (S30). The greater part of 
the activity is found in the filtrate (S33). Moreover, the 
growth rate when both fractions are given is not significantly 
greater than that of the mercury filtrate alone. 

The neutral ether extract (S19) was not only inactive of 
itself, but also failed to supplement in any way the activity 
of the ether precipitate (S19 -j- S22). 

DISCUSSION 

It is obvious that we are dealing with the same gproup of 
factors as Edgar, Macrae and co-workers. The successful ad- 
sorption of the activity on charcoal corresponds with the ex- 
perience of Edgar and Macrae (’37) with the yeast filtrate 
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factor. Tlie extraction of the activity from acid solution 
by amyl alcohol, and its return into dilute aqueous sodium 
hydroxide is analogous to the preparation of the liver filtrate 
factor by Edgar, El Sadr and Macrae ( ’38 b). The failure of 
mercuric acetate to precipitate any significant part of the liver 
filtrate activity (S33 -f- S30) is similar to the behavior of 
yeast filtrate factor (’37). 

On the other hand, differences between the findings of the 
two laboratories have appeared. The growth rates reported 
by Edgar, Macrae and co-workers, with both yeast and liver 
supplements, are consistently higher than those which we find 
with the 95% alcoholic filtrate ® and are about the same mag- 
nitude as those we find with cruder extracts. Moreover, there 
is a difference in the behavior of the liver extracts toward 
fuller’s earth treatment. Together these facts suggest that 
the Liver Eesidue I of Edgar, El Sadr and Macrae (’38 b) 
may contain another accessory growdh substance present in 
relatively low concentration in the 95% alcoholic filtrate. 

The extraction of the activity from acid aqueous solution 
represents a new step in the concentration of the material 
necessary for rat growdh. Continuous ether extraction re- 
cently was successfully applied by Elvehjem and collaborators 
to the problem of the chicken antidermatitis factor (Woolley, 
’38). However, Frost and Elvehjem ( ’39) have reported that 
such extracts gave irregular results when fed to rats and 
suggested that toxic products were generated in the process 
of acid ether extraction. The findings in this laboratory have 
been quite different, and we are unable to offer any explana- 
tion of this discrepancy. We are agreed that only a part of 
the activity is extracted by ether or the activity is extracted 
only very slowly, for after 48 hours’ continuous extraction, a 
considerable activity remains in the aqueous phase (S27). 
Whether the activity of the two phases is due to the same or 
different substances is a problem which cannot be settled on 
the basis of present data. However, a difference in the 

®A part, but not all, of this difference is explained by the fact that Edgar, 
El Sadr and Macrae have used only male animals whereas we have used both sexes. 
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properties of the active material in the ether extract from 
that of the original solution (S13) is indicated by the different 
stability to acid hydrolysis. These findings are especially 
significant in the light of reports from other laboratories 
(Schultz, ’37, ’38; Edgar, ’37) which indicate a high degree 
of stability of the active substances of yeast extracts to acid 
hydrolysis. We are, therefore, led to the tentative hypothesis 
that the filtrate factor consists of at least one stable and one 
or more unstable substances. 

A clue to the nature of the unstable material is obtained 
from the method of preparation of S22. The methods used 
in its preparation are similar to those employed by Snell, 
Strong and Peterson (’37) and by Williams and co-workers 
( ’38) in the preparation of pantothenic acid, which markedly 
stimulates the growth of certain yeasts (Williams, ’38), lactic 
acid bacteria (Snell, ’38) and the diptheria bacillus (Mueller, 
’38). Through the kindness of Dr. Leo Eane, our fraction 
S22 has been tested for its growth-promoting activity on the 
diphtheria bacillus. This fraction could not contain a signifi- 
cant amount of free 3-alanine, because the calcimn salt of this 
amino acid is insoluble in alcohol. Moreover, this fraction 
was found to contain only a slight trace of amino nitrogen 
by the nitrous acid melhod. It was found that the prepara- 
tion S22 could replace 3-alanine in the synthetic medium, a 
property characteristic of pantothenic acid. This suggested 
that pantothenic acid might be the active substance of the 
S22 preparation. 

In order to test this hypothesis, a sample of the calcium salt 
preparation was purified by the procedures of Williams ( ’38). 
These procedures involve alcohol precipitation, treatment 
with mercuric chloride in alcoholic and aqueous solution, and 
fractionation of an alcohohc solution of the purified calcium 
salt, by means of isopropyl ether precipitation. This purified 
material has been found to stimulate growth when ad- 
ministered in doses between 6 and 12 mg. weekly to each 
animal. It is not yet known whether or not smaller amounts 
may be equally effective. It appears likely, therefore, that 
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pantothenic acid is one of the substances necessary for rat 
growth. 

There is not necessarily any discrepancy between this con- 
clusion and the recent identification of pantothenic acid with 
the chick antidermatitis factor by Jukes ( ’39) and by Woolley, 
Waisman and Elvehjem (’39). Oleson, Bird, Blvehjem and 
Hart (’39) found that concentrates which were active in the 
prevention of chick dermatitis gave little improvement in the 
growth of rats. They found, however, that such concentrates 
brought about a rapid cure of the ‘spectacled eye’ condition. 

Experience has shown that the growth-promoting ability of 
a given substance depends upon the basal dietary regimen — 
whether it is or is not the limiting factor. It is entirely 
possible, therefore, that a substance which simply cures a 
deficiency symptom in animals on one basal diet could actively 
stimulate growth in animals on a different basal diet. For 
these reasons, we believe that pantothenic acid is the active 
substance with which we are dealing in the calcium salt 
preparations. 

The authors wish to express their gratitude to Dr. Guy W. 
Clarke of Lederle Laboratories, Inc., for his generosity in 
supplying the liver extracts used in these experiments, and 
to Dr. Merton C. Lockhart for assistance in large scale 
preparations. 

SIJMMAET 

Albino rats grew only slowly when given a basal diet es- 
sentially free from B-vitamins, but supplemented by adequate 
amounts of pure thiamin and riboflavin and by fuller’s earth 
adsorbate from liver extracts. The growth-promoting sub- 
stances of the fuller’s earth filtrate could be concentrated by 
extraction with amyl alcohol, adsorption and elution from 
charcoal and by continuous ether extraction of the acid 
aqueous solution. The activity of the ether extract could be 
concentrated further by fractionation of the brucine and 
calcium salts. 

It is suggested that pantothenic acid is responsible for part 
of the growth-promoting activity of liver extracts. 



276 


G. H. HITCHINGS AISTB Y. SITBBAEOW 


LITEEATUBE CITED 

CoHJT, E. J., G. E. Minot, J. F. Fulton, H. F. Ulriohs, F. C. Sargent, J. 

H. Weare and W. P. Murphy 1927 The nature of the material in 
liver effective in pernicious anemia. I. J. Biol. Chem., vol. 74, p, Ixix. 

Edgar, C. E., and T. F. Macrae 1937 The water-soluble B-vitamins. VTIL 
Essential dietary factors for the rat present in autoclaved yeast 
extracts in addition to lactoflavin. Biochem, J., vol. 31, p. 886. 

Edgar, C. E., M. M. El Sadr and T. F. Macrae 1938 a The water-soluble B- 
vitamins. XII. The preparation from Ever of fractions containing the 
same dietary essential factors for the rat as the yeast eluate fraction 
and the yeast filtrate fraction. Biochem. J., vol. 32, p. 2225. 

1938 b The water-soluble B-vitamins. XI. The estimation of yeast 

eluate factor and yeast filtrate factor by rat growth methods. 
Biochem. J., vol. 32, p. 2200. 

Frost, D. V.. and C. A. Elvehjem 1937 Further studies on factor W. J. 
Biol. Chem., vol. 121, p. 255. 

1939 Factor W and its relation to the vitamin B complex. J. Biol. 

Chem., vol. 128, p. 23. 

Jukes, T. H, 1939 Pantothenic acid and the filtrate (chick antidermatitis) 
factor. J. Am. Chem. Soc-, vol. 61, p. 975. 

Lepkovsky, S., T. H. Jukes and M. E. Krause 1936 The multiple nature 
of the third factor of the vitamin B complex. J. Biol. Chem., vol. 115, 
p. 557. 

Mueller, J. H,, and A. W. Klotz 1938 Pantothenic acid as a growth factor for 
the diphtheria bacillus. J. Am. Chem. Soc., vol. 60, p. 3086. 

Olbson, j. j., H. E. Bird, C. A. Elvehjem and E. B. Hart 1939 Additional 
nutritional factors required by the rat. J. Biol. Chem.. vol. 127, p. 23. 

OsBoitNE, T. B., AND L. B. Mendel 1919 The nutritive value of the wheat 
kernel and its milling products. J. Biol. Chem., vol. 37, p, 572. 

Schultz, H. W., and H. A. Mattill 1937-1938 Studies on the vitamin B 
complex. J. Biol. Chem., vol. 122, p. 183. 

Snell, E. E., F. M. Strong and W. H. Peterson 1937 Growth factors for 
bacteria. VI. Fractionation and properties of an accessory factor 
for lactic acid bacteria. Biochem. J., vol. 31, p. 1789. 

1938 Pantothenic and nicotinic acids as growth factors for lactic 

acid bacteria. J, Am. Chem. Soc., vol. 60, p. 2825. 

Williams, E. J., J. H. Tbuesdail, H. H. Weinstock, Jr., E. Eohrmann, C. 

M. Lyman and C. H. McBurney 1938 Pantothenic acid II. Its 
concentration and purification from liver. J. Am. Chem. Soc., vol. 60, 
p. 2719. 

Woolley, D. W., H. A. Waisman, O. Mickblsen and C. A. Elvehjem 1938 
Some observations on the chick antidermatitis factor. J. Biol. Chem., 
vol. 125, p. 715. 

Woolley, D. W., H. A. Waisman and C. A. Elvehjem 1939 Nature and par- 
tial synthesis of the chick antidermatitis factor. J. Am. Chem, Soc., 
vol, 61, p. 977. 
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(Received for publication April 25, 1939) 


In a previous publication (Morgareidge and O’Brien, ’38), 
we have shown that the addition of vitamin D concentrates 
to skimmed milk results in an apparent total antirachitic 
activity for the mixture which is two to three times greater 
than can be accounted for on the basis of the concentrate 
added. In the light of experiments reported herewith, it 
becomes evident that milk phosphorus is the component which 
plays the dominant role in producing this enhancement effect. 
Furthermore, the data serve to reemphasize the fact that 
vitamin D content and total antirachitic potency cannot be 
used synonymously in any but the most strictly limited eases 
where supplementary factors are known to be absent. This 
necessary limitation is inherent in the standard curative 
assay procedure employing rachitic rats as the test animals. 

EXPERIMENTAIi 

In order to maintain experimental conditions comparable to 
those employed for the assay of milk samples, it was desirable 
to feed the vitamin together with a source of phosphorus dis- 
persed in an aqueous protein-containing medium. Five per 
cent solution of gelatin was found to satisfy the requirements 
since it provided a medium of very low phosphorus content 

^Read before the thirty-third annual meeting of the American Society of 
Biological Chemists at Toronto, April 27, 1939. 
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(0.0015 mg. per ciilDie eentimeter) in which vitamin D conld 
be stably dispersed by adding a prophylene glycol solution of 
crystalline Dj, We have found that prophylene glycol solu- 
tions of vitamin D cannot be diluted with water alone but 
that the presence of some protective colloid (such as gelatin 
or milk protein) is necessary in order to produce stable dis- 
persions of suitable potency for assay feeding. 

The essential features of the assay technic may be briefly 
described as follows: Young rats from our standardized D- 
assay colony are weaned directly to the 2965 diet of Steen- 
bock and Black (’25). A 21-day depletion period is allowed 
for the development of rickets. Prior to test-feeding, each 
animal is examined by radiograph of the left knee-joint and 
any failing to show uniformly satisfactory rickets are dis- 
carded. At the beginning of the test the rats average 40 days 
of age and 55 to 60 gm. in weight. The test-feeding is carried 
on for 8 consecutive days and final examination for degree of 
healing is made on the tenth day by the radiographic technic 
(O’Brien and Morgareidge, ’38). Our standard test-group 
consists of seven animals and for every series of comparisons, 
four or five such groups are given graded levels of Inter- 
national Standard vitamin D solution diluted in com oil 
and ad mi nistered from calibrated dropping pipettes. The 
levels of standard fed are chosen to cover the range of 0.35 
to_0.80 I.U. per day in steps corresponding to the ratio of 
-^2:1. Differences in vitamin intake of this magnitude are 
easily distinguished and the response of our colony is such 
that this range of levels covers the most critical region of the 
healing curve. The material to be tested is fed simultaneously 
to four or five groups of rats in such amounts that the re- 
sulting healing matches that produced by the standard at at 
least two levels. If the approximate potency of the material 
is not known, a preliminary assay is run to establish the 
proper feeding levels. 

In all the experiments reported here, the source of vitamin 
D was a single bottle of Drisdol (Winthrop Chemical Co.) 
which is crystalline D 2 dissolved in propylene glycol. Five 
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per cent solutions of BACTO gelatin (Difeo Laboratories) 
were fortified with this material so that the necessary daily 
dose was contained in 4.0 cc. of gelatin solution. Using a total 
of ninety-eight rats in six independent assays, the potency of 
this sample was determined to be 6.7 I.U. per mg.® (average 
deviation, ±1.4) when fed dispersed with gelatin. The aver- 
age number of units of healing observed plotted against the 
number of units fed per day are shown by the solid circles 
in figure 1. The dotted line is theoretical for a one-to-one 
correspondence. 

In our previous work with vitamin D milks, the dilutions 
were always so arranged that the. daily volume of milk fed 
was 4.0 cc. The average total phosphorus content of these 
samples was determined according to the method of Holt 2 
(’29) through the cooperation of Mr. David Ailing and found 
to be 1.0 mg. per cubic centimeter (±0.3 mg.). Therefore, we 
prepared 5% gelatin solutions containing sodium glycerophos- 
phate calculated to contain 4.0 mg. of phosphorus in 4.0 cc. 
(based on actual analysis of the glycerophosphate). These 
phosphate-gelatin solutions were then fortified with varying 
amounts of vitamin D and the apparent potency of the 
Drisdol used was calculated from a series of three independent 
assays employing a total of 105 rats (exclusive of the 
standard animals). The value obtained was 22.7 I.U. per 
milligram (average deviation, ±3.4). When the actual 
amoimts of vitamin D fed are compared with the observed 
healing levels in International Units, the open circles in 
figure 1 are obtained. Control experiments were run in which 
the gelatin solution alone and gelatin plus 8.0 mg. of phos- 
phorus per day gave no healing. Thus, when 4.0 mg. of phos- 
phorus were fed daily together with vitamin D, the apparent 
potency of the vitamin preparation was increased from 6.7 
to 22.7 I.U. per milligram, giving an enhancement factor of 
3.4 (which is numerically equivalent to the slope of the line 

® Due to the fact that propylene glycol is very hygroscopic, the absolute potency 
will decrease with use if the sample is not carefully protected from atmospheric 
moisture. 


THE JOXmiTAL OP NUTRITION, VOL. 18, NO. 3 



280 


B. o'BEIElir AND K. MOBGAEBIDGE 


drawn through the points obtained at the various healing 
levels). 

Similar experiments were done to determine the effects of 
2 mg. and of 1 mg. of phosphorus per day (one experiment 
each) and the results are shown by the barred and the half- 
solid circles, respectively, in figure 1. The slopes of these 



I. U. FED PER DAY 

Pig. 1 Sho-mng the effect of phosphorus (as sodium glycerophosphate) fed 
together mth vitamin Da on the healing of rachitic rats. 

lines can be designated as the ‘enhancement factors’ for their 
respective amounts of phosphorus (as sodium glycerophos- 
phate) on the activity of vitamin D. When plotted as shown 
in figure 2, they are seen to fall on a straight line which is 
expressed by the equation : 

E.F. = 1.0 -1- 0.58 P 


(1) 
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Since the total antirachitic activity of a misture also depends 
on the amount of vitamin D present: 

A = (1.0 + 0.58 P) D (2) 

where A is the observed vitamin D activity, P the number 
of milligrams of phosphorus, and D the number of units of 
vitamin D. 



Fig. 2 Showing the relationship between the amount of phosphorus fed and the 
enhancement of -vitamin D activity. In this chart, the points represent the 
slopes of the lines in figure 1. 

We have also conducted some experiments to show that 
all types of phosphorus containing compounds do not yield the 
same enhancement factor. Both soluble and insoluble 
inorganic phosphates have been tested. Primary sodium phos- 
phate (NaH 2 P 04 ) fed at a level equivalent to 4.0 mg. of phos- 
phorus per day gives a factor of 3.5 (not significantly dif- 
ferent from glycerophosphate). The insoluble phosphate 
tested was hydroxylapatite which was prepared by dissolving 
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calciixm chloride in 5% gelatin solution and then adding 
phophoric acid to giye a caluculated concentration of phos- 
phorus of 1.0 mg. per cubic centimeter. The pH was main- 
tained between 6.0 and 7.0 (Beckman glass electrode) during 
the addition of the H3PO4 by the simultaneous addition of 
sodium hydroxide. The finely divided amorphous precipitate 
of Caio(P04)8(OH)2 settled only slowly in the gelatin solu- 
tion. A homogeneous mixture for feeding was obtained by 
stirring until the gelatin was near its setting point and then 
chining rapidly. This form of phosphorus resulted in an en- 
hancement factor of 2.2 at the 4.0 mg. per day level. 

Values for the enhancement factor of the total phosphorus 
of milk have also been obtained under these same experi- 
mental conditions. These values have fallen in the range 
given by hydroxylapatite and are consistent with our earlier 
findings. However, the phosphorus of milk occurs in a 
variety of forms, both as soluble and insoluble organic and 
inorganic combinations. A complete analysis of the enhance- 
ment factor of milk has not yet been completed. 

DISCUSSION 

From a practical point of view, one of the most significant 
results of these experiments is the actual numerical relation- 
ship between the minimum effective level of vitamin D with 
and without added phosphorus. When fed the International 
Standard vitamin D solution alone, rachitic rats from our 
colony rarely show any traces of heahng at levels below 
0.35 LH. per day for 8 days. This minimum level varies from 
colony to colony and from time to time in the same colony. 
For assay purposes we usually find 0.40 to 0.45 I.IJ. per day 
to represent the lowest practical dose. The fact that an in- 
take of 4.0 mg. of phosphorus per day in addition to that 
obtained from the basal diet lowers this miriiTynTm effective 
level of vitamin D intake to the neighborhood of 0.1 I.U. is 
of importance. This is especially true when one considers 
that, to initiate healing, the rat requires twice this amount 
of phosphorus and nearly four times this much vitamin D 
when either is fed alone. 
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The problem of the bio-assay of vitamin D milks is of great 
interest to many. Obviously, it becomes necessary, in defin- 
ing the antirachitic potency of milk, to recognize that it is 
determined by the product of the phosphorus by the vitamin 
D content. It is interesting to note in this connection that 
human milk contains only about one-fifth to one-sixth as much 
phosphorus as cow’s milk. It seems reasonable that this 
fact may largely account for the very low apparent vitamin 
D content reported for breast milk. Outhouse, Maoy and 
Brekke (’28) compared the antirachitic potency of human 
milk with that of cow’s milk. They fed up to 40 ec. of human 
milk (the volmne was reduced by evaporation) per day and 
found that it produced no appreciable increase in bone ash 
over rachitic controls. Thirty cubic centimeters of cow’s milk, 
on the other hand increased the bone ash values from 31 to 
41% (a net increase of 10%). The raehitogenio ration used 
was that of Osborne, Mendel and Park and the Ca/P ratios 
of the dietary intakes during both the rachitogenic and heal- 
ing periods were carefully equalized. However, it may be 
calculated from their data that the phosphorus intake of the 
rats on human milk was nearly 8.0 mg. per day (Ca/P== 
4-5: 1). At the same Ca/P ratio, the rats on cow’s milk were 
receiving 19 mg. of phosphorus per day. Shohl (’36), how- 
ever, has clearly demonstrated that the absolute amounts of 
calcium and phosphorus in the diet are fully as important in 
characterizing its rachitogenic properties as are the ratios of 
these two elements. His data indicate that Outhouse and her 
associates used a diet in assaying human milk which was con- 
siderably more rachitogenic that that used for cow’s milk. 

Finally, it is necessary to point out that the rachitic rat is 
in a state of acute phosphorus starvation on the high-calcium, 
low-phosphorus diets commonly used in assay work. That 
this dietary ratio of calcium to phosphorus is of foremost 
importance in the production of rickets has long been recog- 
nized. It is not surprising, therefore, to find that even a 
partial restoration toward normal of the intake of these 
two elements has a profound influence on the efficiency with 
which vitamin D promotes the healing processes. At the 
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preseDt time there is do experimeDtal basis for assumiug that 
the ftadiDgs reported here with regard to vitamiD D and phos- 
phorns apply to any speeies other than the rat or to any other 
set of experimental conditions than those described. 

SUMMAEY 

It has been found under conditions commonly employed for 
the biological estimations of vitamin D that phosphorus added 
to the vitamin supplement greatly enhances its apparent 
potency. The equivalent healing is found to be proportional 
to the product of the vitamin by the phosphrous fed. For 
example, 4.0 mg. of phosphorus per day for 8 days (as sodium 
glycerophosphate) enhances the potency of crystalline vitamin 
Da by a factor of 3.4 times. All phosphorus containing com- 
pounds do not possess the same enhancement factor. The 
significance of this relationship in the estimation of the anti- 
rachitic potency of phosphorus containing foods (such as milk) 
is pointed out. 
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In a prior publication from this station (Halverson and 
Sherwood, ’30) it was shown that the so-called cottonseed 
meal injury to cattle is due primarily to a lack of vitamin A 
in rations containing comparatively large amounts of cotton- 
seed meal but without a leafy roughage. The investigation 
described here was begun in 1928 in order to confirm the 
earlier conclusion and to determine the amount of yellow 
corn, alfalfa hay or soybean hay required to prevent deficiency 
symptoms and to promote normal growth in young cattle, 
and also to determine the minimum daily carotene require- 
ment for growth. 

The syndrome of vitamin A avitaminosis is now well known 
(Jones et al., ’26; Beehdel et al., ’28; Kuhlman etal., ’30- ’32; 
Hart and Guilbert, ’33). Several investigators have produced 
these symptoms in cattle by feeding cottonseed meal supple- 
mented with feeds which contain little or no vitanoin A. They 
have also been able to prevent or cure the condition by the 
use of good quality hay or other vitamin A carriers (Reed 
et al., ’28; Beehdel, ’31; Beehdel and Williams, ’32; Copeland 
and Fraps, ’32 ; Hart and Guilbert, ’33 ; Kuhhnan et al., ’34- 
’36, and Beehdel and Skaggs, ’35). 

^Published with the approval of the acting director of the North Carolina 
Agricultural Experiment Station as no. 105 of the journal series. 
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Fraps and Treichler ( ’33), Eussell et al. ( ’34) and Wiseman 
et al. ^38) have found that the vitamin A activity (carotene) 
in alfalfa hay is quite variable depending upon the grade or 
quality of the hay, the method of curing and the time in storage. 
Wiseman et al. ( ’38) state that the carotene content of TJ. S. 
no. 1 alfalfa hay varies between 19 and 121 mg. per kilogram. 
The no. 2 grade contains 12 to 20 and the no. 3 grade carries 1 
to 11 mg. per kilogram. 

Hilton et al. (’35) reported that ^ield-cured young alfalfa 
hay had a vitamin A activity equivalent to 18 Sherman- 
Munsell units per gram and that their late alfalfa hay con- 
tained 20 units. They also found that young and late soy- 
bean hays respectively contained the equivalent of 36 and 8 
Sherman-Munsell vitamin A units per gram. 

Fraps ( ’31) found twenty samples of yellow corn to con- 
tain 2.5 to 8 Sherman-Munsell units vitamin A activity 
per gram. Wiseman et al. ( ’38) say that yellow corn contains 
3 to 9 mg. carotene per kilogram, but they say that these 
figures include other pigments which go into the carotene 
fraction. 

&uilbert and Hart (’35) found that the daily minimum 
carotene requirement of the bovine is 26 to 33 ng- per kilogram 
live weight when the carotene is supplied in alfalfa hay. A 
carotene intake at the level of 29 ng- per kilogram daily 
prevented or cured clinical symptoms and promoted normal 
weight increase, yet it resulted in no storage. When the 
intake fell below this level, night blindness reappeared and 
gains decreased. They also advanced the hypothesis that the 
vitamin A requirement is related to body weight rather than 
to energy requirement. 

Ward et al. ( ’38) found that when alfalfa hay or carotene 
in cottonseed oil was used as the source of vitamin A, 12 
to 14 Mg. of carotene per pound of body weight per day was 
sufficient to prevent the symptoms of vitamin A deficiency in 
growing calves. Increased growth or improved well being in 
Holstein calves did not result when the carotene was supplied 
above 20 to 30 Mg- per day per pound body weight. Work 
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with older animals indicates that heifers 1 to 2 years of age 
will probably show little or no carotene deficiency in the winter 
months if they have been on good pasture during the previous 
summer. 

The work of Meigs and Converse (’38) indicates that the 
carotene requirement for successful reproduction is consider- 
ably higher than the minimum for growth or the prevention 
of night blindness. 


EXPEEIMENTAL 

A series of five consecutive feeding trials or experiments 
was conducted. In the first experiment grade Shorthorn 
steers were used. High grade Shorthorn heifers were used 
in experiments 11, III and IV. In the last experiment there 
were four Hereford steers, nos. 2, 3, 6 and 7; one Angus 
steer no. 5 ; tw'o heifers, nos. 1 and 4 which were Hereford and 
Angus crosses and one Hereford and Shorthorn cross bred 
heifer, no. 8. The animals in all experiments were taken 
off of grass pasture in the late autumn and all except those 
in experiment V were given a ration of shelled white com 
and soybean hay at a little above the maintenance level until 
placed on the experimental rations. The animals in all 
experiments except no. 1 were spring calves 7 to 9 months 
old. In experiment I they were approximately 20 months 
old when taken from pasture. They were put in the experi- 
ment 88 days later. The lengths of the preliminary feeding 
period in the subsequent experiments were 7, 33, 36 and 0 
days respectively. 

All of the animals were individually stall fed, but during 
the day they were allowed to run together in a paddock from 
which all grass, weeds and other feeds were carefully excluded. 
Daily records were made of the feed consumed and the animals 
were weighed fortnightly. 

•For better control in feeding, the concentrates and rough- 
ages were not fed separately but were ground and thoroughly 
mixed, enough of the ration to last approximately 3 weeks 
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being prepared at one time. The composition of the rations 
used is shown in table 1. 

The alfalfa meal had a bright green color and was of 
excellent quality. "While the alfalfa hay graded no. 3 it 
varied somewhat in quality for each experiment. This hay 
was locally grown and was mixed with fox tail (Chaetochloa 
glauca) and crab grass (Syntherisma sanguinaly). The soy- 
bean hay was of good quality and usually had a bright green 


TABLE 1 

Fercentage compoHMoTi of rations used 


Eatiou no. 

1 

2" 

3 

4 

5 

6 

7 

8 

9 

Cottonseed meal 

48 

49.0 

24.5 

44.7 

26 

26 

26 

26 

8.2 

(36% protein) 

Cottonseed hulls 

25 

24.5 

24.5 

22.3 

22 

27 

27 

17 

— 

Beet pulp 

25 

24.5 

24.5 

22.3 

25 

— 

— 

— 

..... 

Yellow com 

— 

— 

24.5 

— 

26 

— 

— 

— 


(no. 2 or 3) 

White com 

— 

— 

— 

— 


26 

26 

26 

59.4 

Alfalfa meal 

— 

— 

— 

8.9 

— 

— 

— 

— 

— 

Alfalfa hay 

— 

— 

— 

— 


20 

— 

— 

— 

Soybean hay 

— 

— 

— 

— 

— 

— 

20 

30 

32.4 

Mineral mixture® 

2 

2.0 

2.0 

1.8 

1 

1 

1 

1 

— 


* Fed with 0.99 and 0.97 ounce cod liver oil daily 168 days to animals nos. 11 
and 12 respectively; increased to 1.99 ounces daily for the next 226 and 227 days. 

* Equal parts of calcitie limestone and steamed hone meal, common salt being 
always available. 

color. Both kinds of hay were baled and stored in a rather 
dark barn loft. 

In the last three experiments both the hay and the corn 
were sampled when first received. Later other samples of 
the hays were taken when they were being ground. These 
samples were kept in duplicate well filled sealed glass jars, 
in a refrigerator and dairy cooler until assayed for vitamin A 
by the rat growth method. International standard carotene 
was used as the reference standard in the assay. The results 
are given in table 2. 
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In computing th.e vitamin A intake of tke animals in experi- 
ments I and II the folloTOng average values, in international 
units per gram, were used: yellow corn 2.5, alfalfa meal 11, 
alfalfa hay 7, soybean hay 19 and cod liver oil 600, The cod 
liver oil used was a grade sold for animal feeding and 
guaranteed to contain not less than 600 international vitamin 
A units per gram. 

The earlier symptoms regarded as definite indications of 
avitaminosis A were a pronoimced loss of appetite, a rough 
unkempt hair coat and listlessness. The eyes also were often 
affected at this stage. They became rather dry with a dull 
glassy appearance, followed by lacrymation and nyctalopia. 


TABLE 2 

Vitamin A activity of white corn, yellow com, alfalfa hay and soybean hay used i/n 
experiments III, IV and V in mtemationai units of vitamm A per gram 


Experiment 

III 

IV 




V 



Month of exp. when sample taken 

Initial 

Initial 

4th 

Initial 

3rd 

5th 

11th 

14th 

White com 

— 

<0.5 

— 

0 

— 

— 

— 

— 

Yellow corn 

2.5 

1.5 

— 

2.5 

— 

— 

— 

— 

Alfalfa hay 

10.0 

3.0 

5 

11.0 

— 

6 

5 

7" 

Soybean hay 

22 

10.0 

20 

17.0 

14 

22 

22 

19 


^ Composite of samples taken tkirteentk to fifteenth months. 


EESULTS 

The results of the experiments are presented according to 
similarities in the vitamin A intake and the behavior of the 
animals. 

Table 3 lists the data pertinent to the animals receiving the 
basal cottonseed meal ration no. 1, the rations containing 
yellow corn, nos. 3 and 5, ration 4 containing 8.9% alfalfa meal 
and ration 6 with 20% alfalfa hay. 

It is probable that a part of the vitamin A reserves of the 
rather large steers in experiment I was used in the 88-day 
preliminary period in which they received a limited amount 
of shelled white corn and soybean hay. As a consequence 
they developed incipient symptoms of vitamin A avitaminosis 
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of vitamin A deficiency became manifest. 
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in a shorter time than the smaller heifers in experiment IT, 
which were put on the experimental basal ration 1 week 
after removal from grass pasture. 

The time required for symptoms to develop in the six 
head fed approximately 25% yellow com in their ration 
did not dilBfer significantly from that of the comparable nega- 
tive controls (nos. 7 and 8, experiment 11) even though they 
got 9 to 15 international units of vitamin A per kilogram 
body weight daily. When 25% of yellow corn is the sole 
source of vitamin A in a cottonseed meal ratipn it does not 
supply enough of this essential to protect young cattle or 
even to postpone materially the time of nutritive failure. 

Four of the six head fed 8.9% alfalfa meal or 20% no. 3 
alfalfa hay exhibited symptoms of vitamin A deficiency in 
252 to 420 days and two survived 394 and 430 days without 
failure. Since the vitamin A intake of these animals was 
19 to 33 units per kilogram per day, alfalfa hay or meal supply- 
ing these amounts of vitamin A delays the time of failure 
but does not offer safe protection after 8 months. 

None of the twelve head in table 4 fed the cottonseed meal 
ration supplemented with approximately 1.5 ounces of cod 
liver oil per day or with 20% or more of soybean hay exhibited 
any symptoms of vitamin A deficiency in over a year of the 
experimental regime. The least amount of vitamin A ingested 
by any of these animals averaged 59 international units 
daily per kilogram of body weight. At this level of vitamin 
A intake the average daily gains were somewhat greater 
than those listed in table 3 for the entire period although the 
animals receiving sub-minimal amounts of vitamin A were 
able to make satisfactory gains during the earlier part of the 
experiment before their reserves had been exhausted. 

The results shown in tables 3 and 4 are in excellent agree- 
ment with those of Guilbert and Hart ( ’35) and of Ward et al. 
(’38). The former found the minimum daily carotene (in 
alfalfa hay) requirement to be equivalent to 43 to 55 inter- 
national vitamin A units per kilogram body weight and the 
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although since birth it had not received any feed except its mother ^s milk and ration no. 
^ This heifer was stunted because of a gestation and lactation period. 
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values of the latter are equivalent to 44 to 52 units per kilo- 
gram for carotene in oil. 

The beef animals receiving 20% soybean hay in their ration 
reached a practical slaughter weight with a satisfactory degree 
of finish in 12 to 14 months without any evidence of vitamin A 
deficiency. So far as rate of gain and physical well being 
were concerned 30% soybean hay did not yield results that 
were superior to those obtained when 20% was fed although 
the estimated daily vitamin A intake per kilogram body 
weight was considerably below the fi.ve to ten times the minimal 
for the prevention of night blindness which G-uilbert et al. 
(’37) recommended as a desirable mi ni mnni for practical 
purposes. The results from the one animal on ration 9 con- 
taining 32.4% soybean hay and from the two whose basal 
ration was supplemented with cod liver oil were very similar 
to those from the animals given 20 or 30% soybean hay. 

These observations indicate that the minimum for practical 
purposes proposed by Guilbert and co-workers may be too 
high if only the immediate needs of the animal are considered. 
On the other hand, it is quite possible that a larger vitamin A 
intake is necessary, especially for lactating cows, to insure 
maximum storage in the body and a high vitamin A activity 
in the milk. 

Heifer 8, experiment V, was pregnant when placed on the 
experiment, although only about 10 months of age. On the 
two hundred and forty-ninth day of the experiment .she gave 
birth to a normal calf which she nursed successfuEy while 
continuing on the cottonseed meal ration containing 30% 
soybean hay. During the gestation period her daily vitamin 
A intake averaged 109 international units per kilogram of 
body weight, but because of a proportionately greater appetite 
in the lactation period she averaged 138 units per kilogram 
per day for the entire feeding trial. Neither the dam nor 
her calf, which was contiuued on the experimental ration, 
showed any signs of vitamin A deficiency. 

The details for the eight animals in experiment HI are not 
given because the experiment was terminated by fire at 140 
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days. In this trial, which was essentially the same as experi- 
ments IV and V, no evidence of vitamin A deficiency was 
manifest although two head received only 18 units of vitamin 
A per kilogram per day with a daily gain of 2.09 pounds com- 
pared to 1.92 for the other six head. This result is further 
evidence that weaned calves may be safely carried at least 
4 months on rations containing large amounts of cottonseed 
meal and inadequate amounts of vitamin A when they have 
previously been on summer pasture. 

Of the nineteen animals listed in table 3 three died, two 
did not develop deficiency symptoms and were slaughtered 
and four received therapy treatments the results of which are 
not pertinent to the present discussion. The rations of the 
remaining ten head were modified by the addition of more 
vitamin A by feeding cod liver oil to four head, alfalfa hay 
to two and soybean hay to four head. Increasing the alfalfa 
hay in ration 6 from 20 to 30% or the substitution of 10 or 
20% soy bean hay for an equal amount of cottonseed hulls in 
ration 5 converted these inadequate diets into rations which 
cured the symptoms of vitamin A deficiency and enabled the 
cattle to make satisfactory gains in weight. 

CONCJLUSIONS 

A ration for cattle composed largely of cottonseed meal and 
cottonseed hulls is deficient in vitamin A precursors. Be- 
cause of its low vitamin A activity there is no practical level 
at which yeUow corn may be incorporated in a cottonseed 
meal-cottonseed hulls ration as an adequate vitamin A supple- 
ment. No. 3 alfalfa hay is a rather poor source of carotene. 
When incorporated in the basal ration at a level of 20% of 
the entire ration it does not supply the minimum vitamin A 
needs of young growing cattle. Probably 50 to 60% of no. 3 
alfalfa hay in the ration will furnish more than the minimum 
requirement for vitamin A precursors. 

The soybean hay used in these experiments had approxi- 
mately twice the vitamin A activity of the alfalfa hay. 
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Rations containing 20% soybean hay were adequate for growth 
and the physical well being of young beef cattle. When 30% 
was present in the ration one heifer had a successful gestation 
and lactation period. 

These results are in accord with the findings of Guilbert and 
Hart (’35) and of Ward et al. (’38) that the minimum daily 
carotene requirement of cattle is equivalent to approximately 
43 to 55 international vitamin A units per kilogram of 
body weight. 

In the cotton belt where these feeds are comparatively cheap 
a ration composed of cottonseed meal, cottonseed hulls and a 
good hay in sufficient quantity is a practical one for growing 
cattle. 
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Between 1932 and 1935 a stndy was made of the food habits 
of the Maya Indians of Yucatan (Benedict and Steggerda, 
’36) in which it was found that their food was chiefly carbo- 
hydrate (maize). This was challenging, as the basal heat 
production of the Maya averages 5 to 8% higher than the 
commonly accepted standards for white men living in the 
northern part of the United States (Williams and Benedict, 
’28; Shattuck and Benedict, ’31 ; Steggerda and Benedict, ’32). 
For comparative purposes it was desired to have information 
regarding the diet and the basal heat production of other 
Indian groups. Consequently between 1934 and 1936 a study 
was made of the food habits of the Navajo Indians, chiefly 
in the southern part of the Navajo reservation in New Mexico 
and Arizona, but up to the present time a study of the basal 
heat production of the Navajo has not been feasible. Sixty- 
six samples of foods in the Navajo’s daily diet, both uncooked 
and cooked, were collected for analysis as to their fat, nitro- 
gen and water content, and their energy value. In addition, 
data were secured with regard to the character and the amount 
of food eaten per Navajo family per week. 

The Indians who supplied us with food samples and in- 
formation regarding their food habits were living in hogans 
on the reservation. They were relatively pure Navajos, 
although it would be impossible to say with assurance that 
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any Indian is pnre Navajo or to describe tbe genetic constitu- 
tion of this group. A Navajo interpreter relayed our ques- 
tions and in turn secured the information for us. 

COMPOSITION AND ENEEGT VALITE OP NAVAJO POODS 

The food samples were placed in pint, ‘quick seal’ metal 
cans with press-in covers. These were sealed air-tight and 
shipped to the Nutrition Laboratory in Boston for analysis. 
No preservative was added to those samples that were dry 
when collected. Decomposition of the samples that were 
stored while fresh was guarded against by sprinkling a few 
grams of benzoic acid over the top of the sample and mixing 
it with the contents of the can, the food and the acid occa- 
sionally being ground in a food chopper to obtain more 
thorough mixing. In some instances a few drops of formal- 
dehyde were added instead of the benzoic acid. In Boston 
each sample was ground and placed in an oven at 60° C., after 
which it was exposed to room air for 24 hours to take on 
moisture from the atmosphere and was then weighed. This 
process was carried out a second time, and unless the two 
air-dry weights thus obtained for each sample (weighed to 
the nearest 0.01 gm.) agreed within 1 %, the drying process 
was repeated. 

The oxy-calorimeter (Benedict and Fox, ’25; Benedict, ’29) 
was used to determine the heats of combustion of the air-dry 
samples. It was assumed that each liter of oxygen consumed 
during the combustion of the food sample in the oxy-calo- 
rimeter represented 4.825 calories. Correction was made for 
the energy value of the benzoic acid (6.3 calories per gram — 
Benedict and Fox, ’25) in those instances where it was used 
as a preservative, but no correction was made for the slight 
loss (10%) of benzoic acid in the air-drying process. The 
fat content was determined by ether extraction. When ben- 
zoic acid had been added to the sample, it was assumed that 
it was extracted by the ether during the analysis and that 
none of it escaped in vapor form. The weight of the benzoic 
acid was, therefore, deducted from the weight of the apparent 
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total fat in the sample. The nitrogen content was determined 
by the usual Kjeldahl method. No corrections were made for 
the formaldehyde used as a preservative. In those instances 
where sufficient sample was collected, the analyses were made 
in duplicate, and if the results did not agree within 2% of 
the total value found for oxygen and 5% of the total values 
found for nitrogen and fat, further analyses were made until 
agreement within these limits was obtained. 

The results are reported in table 1 on the basis of air-dry 
material, but the percentage losses in weight of the foods 
brought from the condition as collected to an air-dry condi- 
tion are also reported, so that the percentages of nitrogen and 
fat and the calories per gram can be calculated on the basis 
of the fresh weight, if desired. The absolute water content 
of the air-dry material (heated at 100°C.) is likewise reported 
in those instances where sufficient sample was collected to 
permit this determination. In some instances, although re- 
peated determinations were made of the same factor, well- 
agreeing results were not obtained. In other instances only 
one determination or no determination of a particular factor 
could be made, owing to insufficient sample. These results 
are reported, although it is recognized that they have not 
been corroborated. For comparison with the yellow and the 
blue Indian com, analyses were also made of Navajo, Maya, 
and Illinois white corn. 

The fat and the nitrogen content of the different foods 
varied considerably, as would be expected, but the energy 
content was in most instances between 3.5 and 4.5 calories 
per gram of air-dry matter. The meats, which contained con- 
siderable fat, and also some of the native berries and seeds 
had higher energy values. Comparison with analyses of Maya 
foods (Benedict and Steggerda, ’36) is possible in the ease 
of the Maya white corn, the squash and the Chile pepper. 
This comparison indicates that, although the fat and the 
nitrogen content of these Maya and Navajo foods differ some- 
what, the energy values of the foods are essentially the same. 
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TABLE 1 

Analyses of typical Namjo foods 


POOD 

WBIGHT DOST 
nr DDYING 
TO Am-DEV 
OONDITIOir 1 

1 ON Aia-DBY BASIS * 

Moisture ® 

Pat 

Nitrogen 

Calories 
per gram 


% 

% 

% 

% 


Dry corn, roasted corn, corn flour 






Indian com, yellow and blue 

4.3 

5.5 

5.8 

1.5 

4,3 

Navajo wMte corn 

0.8 

4.7 

5.9 

1.4 

4.2 

Maya white com 

3.0 

5.0 

4.1 

2.0 

4.3 

Illinois white corn 

4.8 

3.8 

4.3 

1.4 

4.2 

Boasted corn 

5.6 

2.9 

5.7 

1.6 

4.2 

Boasted com 

7.4 

2.9 

6.0 

1.7 

4.4 

Parched corn 

3.9 

4.1 

5.2 

1.8 

4.2 

Corn flour 

0.0 

7.9 

5.6 

1.7 

4.1 

Breads, dumplings, and mush 






Pried bread 

18.7* 

9.6* 

5.2 

2.2 

4.1 

Baked bread 

24.6* 

7.7* 

1.9 

1.9 

3.8 

Baked blue corn cakes 

5.6 

3.2 

3.8 

1.7 

4.2 

Wheat bread 

4.2 

4.8 

5.1 

2.4 

4.2 

Navajo yeast bread 

43.0* 

6.7*'* 

0.0 

4.4 

4.1 

White bread 

6.8 

2.5 

3.1 

2.4 

4.4 

Green com tamale bread 

... 


... 

1.9 

3.9 

Green com tamale bread 

4.1 

3.7 

4.2 

1.7 

4.2 

Ash com bread ! 

3,0 

4.4 

4.1*' 

1.7 

4.1 

Milk com cakes 

8.1 


3.3* 

1.7* 

4.2* 

Poured bread 

4.2 

4.3 

3.8 

1,7 

4.2 

Sprouted wheat com bread 

3.7 

3.4 

5.2 

1.8 

4.3 

Navajo com cake (alkandt) 

4.2 

2.2 

4.7 

1.7 

4.4 

Green com bread 

' 4.1 

4.3* 

3.2 

1.8 

4.1 

Blue paper bread 

3.9 

4.5 

' 2.8 

' 1.6 

4.1 

Boiled blue com cakes (dumplings) 

6.8 

i 3.0 

3.3 

1.7 

4.3 

Cora mush with cedar ash 

63.7* 

6.7* 

0.05 

1.8 

4.1 

Corn mush and salt 

86.4 

. . 

0.0* 

1.5 

3.9 

Vegetables 






Dried squash 

0.0 


1.0* 

0.4 

3.5 

Dried squash 



2.5 

0.4 

3.6 

Pinto beans 

3.7 

5.2 

1.9 

3.1 

4.1 

Wild potatoes and clay^ 

24.9 

2.9 

0.2 

0.7 


Onion 

87.9 

.. 

1.5 

1.3 

3.6 

Wild carrot* 

• • • 


2.5 

1.0 


Chile pepper 

0.0 



2.1* 

5.3 

Wild celery* 

. . . 

. . 

. . . 

2.4* 

3.4* 

Pruits, nuts, and berries 






Dried Yucca 

• ♦ * 


1.2 

0.3 

3.5 

Dried Yucca 

7.3 

9,8 

1.1 

0.3 

3.6 

Dried peaches 

• « . 

6.5 

1,4 

0.9 

3.6 

Dried muskmelon | 

4.2 

6.3 

1.0 

0.6 

3.3 
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TABLE 1 (continued) 


FOOD 

WEIGHT LOST 
IN BBTING 
TO AXB-DET 
CONDITION 1 

ON AIB-DRT BASIS ® 

Moisture ® 

Fat 

Nitrogen 

Oalories 
per gram 


% 

% 

% 

% 


Fruits, nuts, and berries (continued) 






Dried watermelon 

6.3 

21.4 

1.5 

1.4 

3.4 

Pinon nut butter 

0.7* 

6.0* 

54.4 

2.1 

6.3 

Pinon nut butter 

2.8 

3.2 

24.0 

1.7 

5.5 

Acorns * 

. . . 

6.7 

5.8 

1.7 

4.1 

Bed Squaw berries 

3.1 

. , 

16.7* 

1.7 

5.3 

Wolf berries* 

. . . 

12.0 

4.4 

2.1 

4.2 

Choke cherry cakes 

5.5 

3.2* 

6.2 

0.7 

4.4 

Ground cherries * 

. . . 

9.9* 

12.0* 

2.5® 

4.8® 

Silver nightshade berries* 

... 

.. 

... 

2.4® 

5.0* 

Seeds of grasses and weeds 






Thistle seed 

0.0 


1.6 

2.2 

4.1 

Dried seed 

0.0 


7.4' 

2.6* 

4.3 

Weed seed 

0.0 


... 

4.1® 

6.3* 

Sunflower seed® 

. . . 


. . . 

3.2® 

5.9® 

Tumbleweed seed * 1 

... 


0.1* 

2.1® 

3.9® 

Sage seed* 

. . . 


0.3 ®j 

2.8® 

4.2® 

Indian rice grass or 






Indian miUet seed® 

. . . 



1.1® 

3.9* 

Tansy mustard* 

. . . 


2.2* 

3.9® 

5.6® 

Narrow leaf grass® 

. . . 


. . . 

2.8® 

3.9® 

Eoeky Mountain bee plant* 

. . . 


1.4* 

3.5 

4.6® 

Rocky Mountain bee plant® 

1 


1.6* 

3,4 

3.9® 

Meats 






Broiled mutton 

49.9* 

00 

10.8 

11.6 

5.4 

Large intestine 

1.6 

2.3' 

82.1 

2.5 

8.9 

Stomach of goat 

1.6 

5.8 

55.8® 

4.4 

7.2 

Stomach of goat 

2.7* 

3.5* 

38.7 

7.7 

6.6 

Skin of sheep 

36.8 

. , 

12.4 

10.5 

5.5 

Blood wurst 

56.2* 

3.3 *•* 

40.3 

5.6 

6.8 

Miscellaneous 






Juniper ashes® 

... 

1.7 

0.0* 

0.2® 

. . 

Olay® 


9.2 

0.7 

0.0 



^Loss in weight of food when brought from condition as collected to air-dry 
condition. 

’ Percentage of moistnre found in air-dry food in bringing it to an absolutely 
water-free condition. 

® See explanation on pages 298 and 299. 

^Includes benzoic acid. 

® Average of values not agreeing within 5 %, 

•One analysis only. 

^This sample, when air dry, contained 76% ash. 

•Samples collected by Miss Stella Young (see p. 304). 
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QUANTITATIVE STUDY OB THE FOOD HABITS OF THE NAVAJO 

Since the coming of the Spaniards, mutton (from either 
the sheep or the goat) may he called the chief food of the 
Navajo. On some small sections of the reservation beef sup- 
plants mutton, but this is not generally true. In contrast to 
the habits of the vrlute man, the Navajo consumes all parts 
of the sheep or goat, including most of the alimentary canal 
(the different parts of the stomach and the intestines). The 
male reproductive organs, the brain, the soft parts of the 
hoofs, the ligaments of the legs, occasionally the skin after 
the hair has been removed, the blood and the eyes are all used. 
The only parts not eaten are the contents of the digestive 
tract, the bladder, the gall sack, the bones, the horns, and the 
hair. Perhaps, because the Navajo does consume practically 
all parts of the animal, he may have reached a dietary bal- 
ance, -which perfects Mm for life in his surroundings and 
■wMch gives him a nutritional reserve resulting in his excel- 
lent physique as well as Ms excellent teeth (Steggerda and 
Hill, ’36). 

Very little of the corn plant is wasted. In the early sum- 
mer the half-formed ears are boiled in milk and are com- 
pletely eaten, even the cob. Some wheat is raised by the 
Navajos where they have sufficient water and some is bought 
from the traders or bartered from the Zuni Indians. Juniper 
ashes are used in place of baMng powder and salt, as a flavor- 
ing for mushes and other foods and as a medicine. Clay is 
mixed with such foods as the -wild potato and the tomatillo 
to counteract the unpleasant astringent effect of these foods 
on the mouth. Fried bread is used considerably, although it 
is not the main food. Baked bread is eaten freely, especially 
in -winter. An adult man -will eat three cakes (240 gm.) at 
one meal. The seeds of several kinds of grasses were once 
used for food, but very few of these seeds are used now. In 
times of great scarcity, any seed that could serve as a food 
was doubtless so used. 

The quantitative study of the Navajo’s food habits was not 
so complete and well controlled as was that made in Yucatan 
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for the Maya. However, the following information was se- 
cured from five reliable Navajo families concerning the 
amount of food eaten by each family. A family of twelve 
(five adults and seven children) consumes one adult goat each 
week or about 23 kg. of meat. The choice pieces of meat last 
about 3 days. During the other 4 days of the week the mis- 
cellaneous parts, intestines, feet and head, are consumed. In 
addition, bread, vegetables and coffee are eaten. A family 
of eight (three adults and five children) consumes the choice 
pieces of a goat in 5 days and for about 3 days thereafter the 
miscellaneous parts. This family also uses 11 kg. of flour 
every 3 days, but when much other food is available, such as 
vegetables, the flour lasts about 1 week. This particular 
family does not eat many vegetables but uses 0.5 kg. of coffee 
in 3 days and 2.5 kg. of white sugar each week. 

Another family of ten (three adult women, two adult men 
and five children) consumes one goat per week, one sack 
(11 kg.) of wheat flour every 3 days (rarely does it last 4 
days), 0.9 kg. of coffee each week, 2.5 kg. of white sugar each 
week and one can of condensed milk when the goats are not 
milking. However, from April to September this family uses 
from 3 to 8 liters of goat’s milk per day, either as milk, butter 
or cheese. Another family of ten (six adults and four chil- 
dren) consumes one goat in 3 days. When the meat is gone, 
another animal is killed. For this family, 11 kg. of wheat 
flour last about 2 weeks. The informant added that this 
family uses considerable corn flour also, but little sugar. A 
family of fifteen, mostly adults, consumes one large mutton 
(25 to 30 kg.) every 2 days. In addition, com, potatoes, 
bread, dried peaches and prickly pears are eaten. 

In general, the average Navajo family of six or seven people 
consumes one goat, 10 kg. of flour, 2.5 kg. of white sugar and 
about 1 kg. of coffee every week, in addition to such vegetables 
as they may have. If available, the Navajo would make meat, 
chiefly mutton, 60 to 80% of his diet. The Navajos rarely 
keep chickens for food or eat eggs. The Navajos consume 
rabbits, the cottontail and the jack rabbit, and prairie dogs. 
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Deer and antelope used to be bnnted in the mountains for 
food, but there are no deer now in the Navajo reservation and 
the antelope are protected by law. To a considerable extent 
the Navajos are dropping their old food habits and adopting 
the habits of the white man. For example, they are now turn- 
ing to white flour instead of corn flour and they do not raise 
so many potatoes, as they buy from the trading posts. Also 
they buy considerable bacon in which to fry potatoes. 

SUMMARY 

Sixty-six samples of the commonest foods in the daily diet 
of the Navajo Indian of New Mexico and Arizona were ana- 
lyzed with reference to their moisture, fat, nitrogen and 
energy content. In spite of the variability in fat and nitro- 
gen content of the different foods, the energy content was 
relatively constant in most instances (between 3.5 and 4.5 
calories per gram of air-dry matter). Higher energy values 
were foimd for the meats and some of the berries and seeds, 
which had higher percentages of fat. 

The diet of the Navajo Indian consists chiefly of mutton 
in contrast to that of the Maya Indian of Yucatan, which is 
predominantly com. Practically all parts of the animal (goat 
and sheep) are eaten, including most of the alimentary canal. 

A study was made of the character and amount of food 
eaten by five Navajo families per week. The average family 
(six or seven persons) eats one goat each week, besides about 
10 kg. of fiour, 2.5 kg. of white sugar, 1 kg. of coffee and such 
vegetables as may be available. 
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THE HEAT PEODHCTION OP THE FASTING EAT IN 
EELATION TO THE ENVIEONMENTAL 
TEMPEEATHEE ^ 

RA.YMOND W. SWIFT ANB EICHAED M. FOEBE8 
Institute of Animal Nutrition, The Pennsylvania State College, State College 

rwo riGURBS 

(Eeceived for publication May 8, 1939) 


A study of the literature dealing with the heat production 
of the albino rat as affected by environmental temperature 
indicates that the critical temperature has not been well es- 
tablished, that the range in temperature over which the 
metabolism of this animal is constant has not been determined 
and that the percentage of heat eliminated by evaporation of 
water has not been convincingly shown to vary consistently 
with the environmental temperature. 

Work reported by Benedict and MacLeod (’29 b) shows 
a constant rate of decrease in heat production as the environ- 
mental temperature is raised from 10°C. to 28°C. The graph 
showing the average trend of the metabolism is, unfortu- 
nately, not extended beyond 28° C. although it was considered 
from data not shown that, “at 28° C. and above the metabolism 
was essentially constant , . . The authors must have felt 
somewhat uncertain about this, however, for they also say in 
the same paper, “It is not impossible that temperatures higher 
than 28° C. may prove to lower the basal metabolism still 
further.” No attempt was made to establish the range of 
temperature throughout which the metabolism remained 
constant. 

^Authorized for publication on May 5, 1939, as paper no. 902 in the journal 
series of the Pennsylvania Agricultural Experiment Station. 
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Goto (’23) measured the total heat and water vapor pro- 
duced by rats exposed to temperatures ranging from 5°C. 
to 33 °C. He found the minimum heat production at 28° C. 
with a higher heat production prevailing above as well as be- 
low this temperature. His observations were made on four 
rats during the first and also during the second day of fast. 
Though one would expect the percentage of heat eliminated 
by the evaporation of water to increase steadily and consis- 
tently with rise in environmental temperature, his data, es- 
pecially those of the second day of fast, show considerable 
lack of consistency. For instance, one rat which eliminated 
20.7% of its heat by vaporization of water at an environ- 
mental temperature of 25°0. eliminated only 12.8% at 28°C. 
Wesson (’31) considers that the basal metabolism of rats 
should be determined at 28° C. Schwabe and associates (’38) 
consider the range of thermal neutrality to be 28° C. to 30° C. 
Males and Magaz (’29) foimd the metabolism of fasting rats 
to be constant from 30 to 33° C. and only slightly variable 
throughout a range in temperature from 29 to 33.5° C. Prior 
to the measurement of metabolism the rats were kept at a 
temperature of 8 to 10° C., feed being withdrawn 10 to 14 hours 
before the experiment began. Two preliminary periods of 
i hour each followed ; during the first one the rats were kept 
at an environmental temperature of 13 to 15 °C. and during 
the second, at the temperature of the experiment. 

Terroiue and Trautmann (’27) working with many species 
of animals found that the minimum heat production with rats 
occurred at an environmental temperature of 33° C. Only two 
rats were used to secure a very limited number of observations 
at a given temperature. 

By the use of animals which were similar as to age, weight 
and sex, and in the postabsorptive state, the primary purpose 
of this study was to determine 1) the critical temperature for 
the albino rat, 2) the range in environmental temperature 
over which the metabolism remains constant, and 3) the per- 
centage of heat eliminated by the evaporation of water. In 
order to accomplish these objectives, it was considered neces- 
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sary to accumulate enough reliable data thoroughly to estab- 
lish each individual point of observation with a reasonably 
small probable error, in order that the significance of the dif- 
ferences in findings at different temperatures could be statisti- 
cally evaluated. It was felt that the short periods of observa- 
tion ordinarily used at many laboratories are quite 
unsatisfactory, on account of the possibility of technical 
errors as well as the unavoidable physiological lag of the 
animal in response to a change in environmental temperature. 

The open circuit Haldane method of procedure was fol- 
lowed, the oxygen absorption during 8 hours being weighed 
as the sum of the weights of CO 2 and water vapor eliminated 
minus the loss in weight of the rat and container. The CO 2 
and water were weighed at intervals of 2 hours, the measure- 
ment for the first period of 2 hours being excluded. Thus, 
the respiratory quotient and the total oxygen consumption 
were derived from 8 -hour periods, while the hourly heat and 
water vapor were derived from the carbon dioxide and water 
vapor of the last 6 hours. 

The water produced was absorbed in glass-stoppered U- 
tubes containing pumice saturated "with H 2 SO 4 , and the OO 2 
was absorbed by flake NaOH mixed wdth pmnice in similar 
tubes as described by Forbes ( ’39) . These tubes were weighed 
on the ordinary chemical balance. 

The food was withdrawn 15 hours before the start of the 
experiment, or 17 hours before the beginning of the 6 -hour 
period of measurement of heat production and water vapor. 

The rat was put into a screw-cap bottle of about 4 liters 
capacity, and after weighing to the nearest milligram on a 
ohainomatic balance, the bottle containing the rat was im- 
mersed in a water bath, the surface of the water coming to 
within about 1 inch of the top of the bottle. Two lead weights 
attached to the bottle while in a water bath caused it to rest 
securely on a false bottom of hardware cloth. 

Two brass tubes soldered to the metallic bottle caps served 
as inlet and outlet for the air current. The inlet tube went 
nearly to the floor of the bottle while the outlet extended only 
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an ineli below the cap. Dry C02-free air was supplied at the 
rate of 2 liters per minute, this rate of flow being measured 
by means of a previously calibrated air-speed indicator. 

A short thermometer fastened to the longer brass tube 
was used to indicate the temperature of the air within, the 
bottle. The heat from the animal raises the air in the bottle 
to a temperature somewhat above that of the surrounding 
water bath. For instance, when the bath temperature was 
4.0° C. the bottle temperature was 7.5° C.; when the bath 
temperature was 24.0° C. the bottle thermometer read 25.0° C. 
The difference between the temperature of the bottle and bath 
was 0.5° C. at a bath temperature of 27.5° C., and became pro- 
gressively smaller at higher temperatures. The thermometer 
was read after raising the bottle out of the bath (per- 
mitted by flexible rubber tubing connections), and while hold- 
ing the bottle at such a height that the top of the mercury 
in the thermometer was level with the eye. If the animal was 
resting against the bulb of the thermometer or was very close 
to it, the reading was improperly high and was not recorded. 
Otherwise the bottle temperature was as constant as that of 
the bath. The temperature of the air in the bottle was con- 
sidered to be the environmental temperature to which the rat 
was exposed. 

The rat rested upon a floor of i inch mesh hardware cloth 
supported about li inches above the bottom of the bottle. 
The bottom of the bottle was covered about -J inch deep with 
paralOba oil. As shown by trial, the amounts of water and CO 2 
coming from the excreta covered with the oil were entirely neg- 
ligible. Water evaporated from the urine clinging to the screen 
floor would give results too high for the percentage of heat 
eliminated by the evaporation of water, but would cause no 
error in the determination of the total heat production. How- 
ever, in this connection it was observed in the few cases when 
no urine or feces were voided, that the results were indis- 
tingmshable from those when urine was present. Though 
urine was voided in most of the 8-hour periods, at all tempera- 
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tures, feces were rarely found after the periods conducted at 
28°C., 30°C. or 31°C. 

The water hath, the chamher and the use of oil to prevent 
evaporation of water from the excreta were devised by E. B. 
Forbes, and the bath, with accessory equipment, was con- 
structed by Precision Scientific Co. 

The bath was connected with an insulated tank containing 
ice water during experiments conducted below room tempera- 
ture and hot water during experiments conducted above room 
temperature (fig. 1). A thermostat and solenoid valve oper- 
ated to take water from the reservoir of cold (or hot) water 



Pig. 1 Constant temperature bath and accessory equipment. 


when needed to maintain the temperature of the bath constant 
to within ±0.4°C. or less. A pump circulated the water within 
the hath for the equalization of its temperature. The bath 
contained two bottles, and the metabolism of two rats was de- 
termined simultaneously. 

After removal from the bath the bottle was mped dry be- 
fore weighing. When the bath was used at the lower tempera- 
tures the bottle, after removal, was brought to room 
temperature with the aid of warm water to facilitate drying 
and to prevent subsequent condensation of moisture on the 
surface. 
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The tightness of the bottle and absorption tubes was de- 
termined by frequent tests with a mercury manometer, and 
in addition several 8-hour blank determinations which in- 
cluded weighing the bottle and U-tubes as in an ordinary 
experiment were made during a wide range of temperatures. 
All blank tests were negligible. 

The heat and water vapor produced were determined at 
each temperature by several 8-hour observations as shown in 
table 1. The chronological order of the periods of observa- 
tion is also given in the table. 

A total of seven male rats were used in obtaining the data 
though only six rats were used throughout the entire series. 
Thus, the fourteen 8-hour observations at 31°C. involved the 
use of four rats during 2 days each, and two rats during 3 
days each. 

The heat production of all rats was calculated to a live 
weight of 325 gm., this being the actual live weight of the rats 
at the start of the experiment. The calculation was made in 
accord with the two-thirds power of the live weight. The 
average live weight at the end of the experiment was 341 gm. 
No large correction of the heat production was nceessary, 
therefore, in any one of the series of observations. 

The live weight of the rats was taken at the start of the 
period of metabolism measurement, 15 hours after the with- 
drawal of feed. The rats were 21 weeks old at the start of the 
experiment and 38 weeks old at the end. The respiratory quo- 
tients were not corrected for the protein metabolism. 

DISCUSSION OF EESULTS 

No attempt was made to measure the activity of the rats. 
They were visible at all times through a glass ivindow in the 
cover of the bath and were remarkably quiet at all tempera- 
tures. Sehwabe and associates ( ’38) have shown that activity 
is without effect on the respiratory quotient. 

The most significant measure available regarding the vari- 
ability of results is presented in table 1. The average of the 
coefficients of variability of the heat production is 4.52%, the 



OEITIOAL TEMPBEATUEE OF THE EAT 


313 


average probable error of the nine series being ±0,016 Cals. 
It is evident, therefore, from the concordant results at a given 
liemperature, that the activity was relatively constant and that 
this factor contributed but little to the variability of the 
results. 

The correct values for the heat production at all tempera- 
tures may be somewhat higher than as observed during rest, 
though the long periods of observation in the present experi- 
ment seem to compensate for the lack of a record of activity. 
We therefore agree with Benedict and MacLeod (’29 a) that, 
“in practically all eases the graphic record of activity can 
be dispensed "with, especially if it is possible to observe the 
animal continually.” It was observed that at 33 °0. and at 
35° C. the rats were not only quiet but were sprawled out in 
an apparent attempt to expose as much surface as possible to 
the air. After exposure to a temperature of 35°C. for 8 hours 
the rats appeared to be as wet as though dipped in water. 

It has been pointed out by several investigators that the 
height of the heat production may be affected by the tempera- 
ture to which the animals have been exposed prior to the time 
of actual heat measurement. Schwabe and associates (’38) 
found that exposure to low environmental temperatures 
(7.8°C. to 12.2°C.) for a period of 60 days prior to the 
measurement of the fasting metabolism at 29° 0. resulted in 
an increase of about 12% in heat production. In the work 
reported by Males and Margaz (’29) the very low tempera- 
tures to which the rats were exposed prior tO' the metabolism 
measurements may have affected their results. The tempera- 
ture to which the rats used in the present study were exposed 
when not on experiment and while receiving feed was about 
25° C., which presumably did not affect the results obtained. 
This temperature (25°C.) corresponds closely to that pre- 
vailing in other laboratories and seems, therefore, to repre- 
sent conditions ordinarily encountered. The rats were kept 
in individual cages in a room containing a rat colony which 
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has been in a strong, healthy condition during a period of 
10 years. 

The sTnaO though consistent rise in respiratory quotient 
with rise in environmental temperature indicates that the 
temperature exerts a qualitative as well as a quantitative 
effect on the metabolism. Short exposures to cold with human 
subjects accompanied by shivering have no effect on the 
respiratory quotient (Swift, ’32). However, Kayser and 
Dell (’37) and Kayser (’37) working with rats, guinea pigs 
and pigeons have shown that the increase in metabolism due 
to exposure to cold which occurs before the point of shivering 
is reached is entirely due to the oxidation of fat, even when 
an abimdance of carbohydrate is available. In this experi- 
ment shivering did not occur and the contention of the above 
authors is apparently verified in view of the fact that a 
statistical study shows that the odds are millions to 1 that 
the respiratory quotient at 30°C. is greater than at 25‘’0. 
Though the computation of the respiratory quotient of the 
‘extra metabolism’ involves unavoidable magnification of 
error, it seems significant that this value for the low tempera- 
tures is 0.68 whereas for the temperature 35°C. it is 0.85. 

It may be remarked, in passing, that the use of a lower 
caloric value for OO 2 with rise in respiratory quotient exerts 
only a negligible effect on the computed heat production. 
Eespiratory quotients similar to those obtained in this work 
at 28 to 30°C. (about 0.753) have been reported by various 
other workers. Wesson (’31) found a respiratory quotient 
of 0.769 with rats fasted 24 hours, while Schwabe and associ- 
ates (’38) report an average value of 0.755 representing some 
200 animals. 

The data in table 1 and the graphic presentation in figure 2 
indicate with apparent certainty that the critical temperature 
of the fasting albino rat is approximately 30° C. There was 
the possibility that the repeated fasts produced a lowered 
basal metabolism, even though the total length of each fast 
was only 23 hours, and such fasts occurred on an average only 
about twice a week. As shown in table 1 the series of four- 
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teen observations at 31 °C. directly followed the series at 28° C., 
so there was very little likelihood that the lesser heat produc- 
tion at 31°C., as compared to that at 28°0., was due to an 
accumulative effect of underfeeding. 

However, since 28° C. has been generally accepted as the 
critical temperature, special effort was made to establish 
this particular point beyond possibility of doubt. In order 
then to prevent misinterpretation due to possible influence of 



TEMPERATURE *C 

Fig. 2 The character of the heat disposal of the fasting albino rat at en- 
vironmental temperatures ranging from 7.5® to 35 °C. 

previous fasting on the value obtained as the critical tempera- 
ture and to verify the finding that the minimum heat produc- 
tion does not occur at 28° C., eight colony rats, never before 
fasted, were used in determining the metabolism at 31° C., a 
point within the range of thermal neutrality and, subse- 
quently, at 28° C. Thus the order of experimentation of the 
first series was reversed to avoid the possibility of a lowered 
metabolism at 31° C. due to previous fasting. The average 
live weight of these rats was 297 gm. The hourly heat produc- 
tion was computed to a live weight basis of 325 gm., as were 
the corresponding values in table 1. The individual data 
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are given in table 2. The evidence is again overwhelming that 
fasting rats have a higher heat production at 28 °G. than at 
31° C. 

These rats were 15 weeks of age while those of the first 
series (table 1) were about 32 weeks old when used at these 
temperatures. Though this experiment was not designed to 
show the effect of age on basal metabolism, the higher level 
of heat production of the younger rats at both temperatures 
indicates that metabohsm decreases with age — ^in contrast to 
the observations of Benedict and MacLeod (’29). However, 
our results are concerned with two groups of rats at ages of 


TABLE 2 

Eeat production at an environmental temperature of SVC. compared with 


RAT 

KUHEBR 

HEAT PRODUCTION 

PER HOUR 

HEAT LOST BT 
EVAPORATION- 
OP WATER 

28‘’C. 

31"C. 

28*0. 

31*0. 


Cal. 

Cal. 

I % 

% 

67 

1.48 

1.41 

18.7 

24.4 

68 

1.52 

1.41 

16.6 

19.8 

69 

1.56 

1.44 

18.8 

22.7 

70 1 

1.71 

1.49 

23.6 

25.1 

71 

1.49 

1.36 

18.7 

23.5 

72 1 

1.67 

1.47 

18.8 

26.3 

73 

1.58 

1.48 

19.5 

22.4 

74 1 

1.63 

1.45 

23.2 

26.8 

Av. 

1.58 1 

1.44 

19.7 

23.9 


about 3 and 7i months of age. Black (’29) has reported a 
higher basal metabolism in very old rats (700 days) than in 
younger ones (7 to 8 months). 

It may be observed from table 1 that although the per- 
centage of heat eliminated by vaporization of water increases 
steadily with rise in environmental temperature, the amount 
of heat thus eliminated is essentially constant over an extended 
range of temperatures and does not increase materially until 
shortly before the point of hyperthermal rise is reached. 

SUMMARY 

The heat production of the albino rat in the postabsorptive 
state was determined in 122 8-hour periods of measurement 
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at environmeEtal temperatEres ranging from 7.5° to 35.0° 0. 
The critical temperature for the fasting rat was found to he 
30°C. The metabolism was constant over a range of tempera- 
tures extending from 30°C. to 33°C. The percentage of the 
total heat eliminated as latent heat of water vapor increased 
steadily from 7.9% to 59.2%, with rise in environmental 
temperature from 7.5°C. to 35°C., though the absolute amount 
of heat eliminated in this manner was practically constant up 
to 31° C., above which a definite increase took place. 
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The relationship of lactose and ealeinm metabolism has 
long been recognized, especially the role of lactose in promot- 
ing better absorption of calcinm from the intestinal tract. 
The utilization or retention of calcium has been studied after 
oral administration of different forms of calcium and as in- 
fluenced by different forms of carbohydrate in the ration, but 
little attention has been given to the possible influence of the 
various calcium salts on the utilization of other dietary con- 
stituents. The present observations in this field "were incident 
to experiments being conducted in this laboratory on the 
cataractogenic action of lactose as influenced by inorganic 
constituents of the ration. The calcium salts used were those 
most commonly employed in present day calcium therapy. 
Observations in this laboratory indicate considerable varia- 
tion in the effect of different calcium salts on the digestion or 
absorption of lactose in rats. 

BXPEEIMBNTAL 

All animals were started on experimental rations at between 
25 and 30 days of age and were so distributed as to afford 
adequate Htter-mate controls. The basal rations used were 
complete in the usual sense, i.e., in quantity and proportion of 

Published as contribution no. 347 of the Massachusetts Agricultural Experi- 
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ingredients and in vitamin supplements. They varied only in 
the type, of carbohydrate incorporated in the ration and in 
the calcium salts used as supplements. All rations were fed 
ad libitum with accurate records of food intake. The compo- 
sition and designation of the specific rations were as follows : 



TABLE 

1 



Experimental 

rations 



Compoaition 

60% 

lactose 

65% 

starch 

65% 

Other 

CEO 

25% 

galactose 

Lactose 

60 



Starch (corn) 

Dextrin 

5 

65 


40 

Sucrose 

Glucose 

Galactose 



65 

25 

Casein (technical) 

15 

15 

15 

15 

Crisco 

9 

9 

9 

9 

Cod liver oil 

2 

2 

2 

2 

Salt mixture (0 & M) 

4 

4 

4 

4 

Yeast (dry brewers) 

5 

5 

5 

5 


Calcium salts were added to these rations in quantities 
calculated to supply respectively 1.0 or 0.5% of calcium in 
addition to the 0.5% already present as part of the incorpo- 
rated salt mixture. The calcium salts used were the carbonate, 
tricalcium phosphate, citrate, lactate, levulinate and gluco- 
nate, and were of C.P. or U.S.P. grade. Since lactose was 
the carbohydrate of primary interest in this investigation, by 
far the most data were accumulated with rats on the 60% 
lactose ration with and without the added salts. Starch, 
dextrin, sucrose, glucose and galactose rations plus added 
calcium salts served as controls. 

In the first series of experiments, 1.0% of calcium was 
added to the basal ration as follows : 2.6 gm. tricalcium phos- 
phate, 2.5 gm. calcium carbonate, 8.0 gm. (later reduced to 
6.0 gm.) calcium lactate, 11.2 gm. calcium gluconate respec- 
tively per 100 gm. of ration. Careful record was kept of 
survival, growth, food intake, evidence of diarrhea, incidence 
and rate of cataract development and blood sugar level during 
absorption. All experiments ran for 9 weeks or longer. 
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The results of feeding the various calcium salts incorpo- 
rated in a lactose ration are shown in the table (table 2). The 
growth, survival and cataract development of rats receiving 
the carbonate or phosphate approximated those on the basal 
lactose ration, and the diarrhea was somewhat less. Blood 
sugar tended to be slightly higher in rats receiving the car- 
bonate or phosphate (150 mg. and 146 mg. per 100 ce.), re- 
spectively as compared with litter-mate controls on the 
lactose ration (135 mg. per 100 cc.). The rats receiving the 
calcium lactate or gluconate showed definite toxic symptoms, 
retarded growth, poor survival and moderate to severe diar- 
rhea in the ease of the gluconate. More striking stiU was the 
lower blood sugar (103 mg. per 100 cc.) and absence of len- 
ticular changes in rats on the gluconate in contrast to high 
blood sugar and usual incidence of cataract in all other groups 
on lactose rations. Collectively, these findings would indicate 
that the gluconate, and to a lesser extent the lactate, inter- 
fere in some manner with the utilization of lactose. 

Calcium salts incorporated in starch, dextrin, sucrose, 
galactose and glucose rations at the 1.0% level were well 
tolerated by rats with no untoward effects. The good growth 
and general well-being of rats on these five carbohydrates 
were evidence that calcium salts as such, at the levels fed, were 
not seriously toxic or detrimental, nor were there any signi- 
ficant differences in the effect of individual salts (fig. 1). 
G-rowth efficiency calculated from the total weight gained in 
9 weeks divided by the total food eaten in the same period was 
remarkably constant for the different sugars, irrespective of 
the calcium salts added. Since expense necessitated the 
termination of galactose experiments when cataract de- 
veloped, growth efficiency in this group was based upon data 
for a shorter period but showed no variation with added 
calcium salts. The rapid and constant time for development 
of cataract on 25% galactose rations with or without added 
calcium salts is further evidence that absorption of this single 
sugar was not inhibited. Previous work by Mitchell et al. 
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65% Starch 11 100 202 122 0 0 0 0 113 (14) 

65% S — 5.6% Ca gluconate 7 100 182 128 0 0 0 0 117 (11) 

65% S — 5.6%, Na gluconate 2 100 190 173 0_0 0 0 131 (6) 

‘ Eats from cataract-resistant litters are included in these averages. 
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(’37) indicates that lens injury correlates with high blood 
sugar (fig. 2). 

In the second series of experiments, 0.5% of added calcium 
was given as 1.3 gm. tricalcium phosphate, 2.4 gm. citrate, 
4.0 gm. lactate, 3.4 gm. levulinate and 5.6 gm. gluconate, per 
100 gm. of food. The same type of observations was made 
as in the first series, plus a few bone ash determinations. 
(The percentage of ash in the dry fat-free bone was practi- 
cally constant (68.4 to 70.2) for all rats, irrespective of the 


Calcium 
Supplements 
a - none 
t - Ca 3 (P 04 )^ 
c - Ca CO 3 
d - Ca citrate 
e • Ca leTulinate 
f - Ca lactate 
g • Ca gluconate 



Carbohydrate 

60^ • lactose . Lactose Starch Dextrin Sucrose Clueose 

> . - ^ , . , ^ 

SorriTal lOO?^ 67J( 97^ SSjC 100^ lOOfi 100j£ 100% 

Figure 1 


COMPAHISOK OP GROWTH OP RATS 
FED RATIONS CONTAINING VARIODS CARBORTDRATES 
Pins ADDED CALCIUM SAITS 


ration, and served to indicate that the calcium metabolism 
per se was not disturbed.) The results of the two series of 
experiments are similar, the second serving to verify the 
first but obviously modified because the salts were added at 
half thie previous level to reduce mortality and allow more 
prolonged study of the metabolic abnormalities (table 2). 

Again certaiu calcium salts, namely the phosphate, citrate 
and levulinate exerted no appreciable effect as .evidenced by 
rate of growth, growth efGiciency, survival, blood sugar level 
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or cataract development. The lactate at the lower 4.0 gm. 
level was not so toxic as in the first series, although growth 
was slightly retarded. Growth efficiency is somewhat lower 
on all lactose rations than on other carbohydrate but is not 
altered by the above salts except slightly in the case of the 
lactate. 


CitTiSACT INCimeS IN RATS 
TED UCTOSE RATIONS HUra ADDED OAICIDM SAWS 


lactose $0^ 

lactose 4 Ca 3 (F 04)2 

Duactose 4 2*5^ Ca CO 3 
lactose 4 1X«2^ Ca gluconate 
Starch 705 S (control) 



OdDOaOOOOCDCD 

OCDOOOOOOOO 


lactose 60^ 

Lactose 4 l.S5^ Ca 3 (P 04)2 
Lactose 4 2*4^ Ca citrate 
Lactose 4 4#03S Ca Lactate 
Lactose 4 3.4^ Ca leTulinate 


Lactose 4 6 . 65 S Ca gluconate mm^CDCDCDCDCDCDCD 
Laetose + 5.6^ Na gluconate CD O CDCDCDCDCD CD CD CD 

Starch 65^ with or without 

ca gluconate OCDCDCDCDOOOaO 

Galactose 25% with or without 

Ca gluconate flB f/jjf MjA gHH AM 


i ) No lens change (^SHth Early opacities (HP Mature cataract 

Figure 2 


The calcium gluconate, however, still exerted its inhibitory 
effect when fed at the lower level (0.5% of calcium), and 
results were similar for three different brands.® Retarded 
growth and lowered growth efficiency, poor survival, severe 

^ The calcium gluconate was obtained from three different commercial sources: 
1. Sandoz Chemical Works, Inc.j 2. Chas. Pfizer and Co., Inc.; 3. Pfanstiehl 
Chemical Company. 
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diarrhea, reduced blood sugar and slight if any lenticular 
changes indicated that the lactose was not being assimilated 
normally (fig. 2). The fact that both glucose and galactose 
fed as such resulted in as good growth efficiency in presence 
of the gluconate as without it indicates no interference with 
absorption of the simple sugars. The eiizymatic hydrolysis 
of starch, dextrin and sucrose also appear to proceed 
normally. The failure of the blood sugar to show the usual 
rise during absorption when calcium gluconate was associ- 
ated with lactose seemed to indicate that the calcium gluco- 
nate inhibited the enzymatic hydrolysis of the lactose. The 
severe diarrhea is also indicative of an excess of lactose 
remaining, as such, in the alimentary canal. In spite of the 
fact that calcium gluconate is one of the salts most widely 
recommenended for therapeutic use,® some indication of un- 
favorable reactions have previously been mentioned. John- 
son (’35) found that calcimn gluconate inhibited glucose ab- 
sorption from the intestine of his experimental dogs. There 
is also recognition of the fact that large doses of either the 
lactate or the gluconate used therapeutically may cause 
diarrhea (correspondence, ’38). In our own experience 
urinary calculi have been found in several of the rats fed on 
calcium gluconate and never in rats fed the other calcium salts. 

References have been made to the severity of the diarrhea 
on the various lactose rations. It is well known that young 
rats fed a ration containing 50% or more of lactose tend to 
develop diarrhea, more severe in some than in others, but that 
they usually develop a tolerance or outgrow this tendency after 
a few weeks. An abrupt shift from a stock ration to a high 
level of lactose is frequently fatal to young rats. For this 
reason, a graduated proportion of a starch ration was mixed 
with the lactose ration for a few days at the beginning of 
these experiments in order to keep the rats alive until they 
developed some degree of tolerance. It has been notable 
throughout this experiment that most of the rats fed either of 

*New and NonojQSicial Bemedies, 1938, p. 158. Useful Drugs, 1936, p. 69. 
Epitome of U. S. Pharmoeopeia and National Formulary, 1937, p. 48. 
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the gluconate salts in a lactose ration continued to show almost 
as severe diarrhea after several weeks as at first; a few on 
calcium gluconate developed a degree of tolerance. 

Since no other calcium salts investigated approached the 
gluconate in toxic or inhibitory action, the gluconate radical 
was brought under suspicion. Consequently, sodium gluco- 
nate was fed at a comparable level incorporated in a 60% 
lactose ration. The untoward effects were strikingly similar 
but rather more severe than with the calcium gluconate fed 
to litter-mate controls, i.e., the survival was poorer, diarrhea 
worse and lens changes absent, but in the few rats which did 
survive the rate of growth and growth efficiency improved 
after a few weeks in spite of a persistent diarrhea, a finding 
which cannot be readily explained. Thus it would appear that 
the gluconate radical, rather than the calcium, must be the 
part which intereferes with lactose activity in the alimentary 
canal. One may postulate some such phenomenon as ‘com- 
petitive inhibition,’ in en 2 yme action, due to similarity in 
structure of the lactose and the gluconate radicals. In vitro 
work on this phase of the subject is in progress but is not 
yet conclusive. 


SUMMABT 

1. Eats were fed an adequate ration containing 60% lactose, 
plus 1.0 or 0.5% of calcium added in the form of six different 
calcium salts, respectively, tricalcium phosphate, carbonate, 
citrate, lactate, levuliaate and gluconate. 

2. With the phosphate, carbonate, citrate and levulinate 
rats showed as good growth, less diarrhea in general, the 
same degree of galactemia and a similar incidence of cataract 
as on the plain 60% lactose ration. Calcium lactate was some- 
what toxic at the higher level but at the lower level results 
were more nearly comparable to those with the other calcium 
salts mentioned above. 

3. Calcium gluconate fed at the 1.0% calcium level resulted 
in. poor survival, loss of weight, severe diarrhea and low 
normal blood sugar. At the 0.5% level of calcium survival 
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was better, but growth was poor, diarrhea moderate to severe, 
blood sugar a low normal and lenticular changes few if any. 

4. Calcium gluconate exerted no apparent inhibitory effect 
upon the absorption or utilization of starch, dextrin, sucrose, 
glucose or galactose. 

5. Sodium gluconate exerted a deleterious effect similar to 
but more severe than calcium gluconate when fed in a lactose 
ration. 

6. These criteria indicate that the gluconate radical may 
interefere with lactase activity in the intestinal tract. The 
phenomenon of ‘competitive inhibition’ in enzyme action is 
postulated as a possible explanation of these findings. 
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FATTY LIVERS AS A RESULT OP THIAMIN AD- 
MINISTRATION IN VITAMIN Bi DEFICIENCY 
OP THE RAT AND THE CHICK » 
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Department of Biochemistry^ College of Agriculture^ University of Wisconsin, 

Madison 

POUR FIGURES 

(Received for publication May 13, 1939) 

INTRODUCTION* 

While investigating the pathology of an uncomplicated vita- 
min Bi deficiency in the rat it was discovered ( ’38) that if 
the animals were restored to normal by the addition of 
thiamin to the vitamin Bi deficient ration a hydropic degen- 
eration appeared in the liver cells. Rats suffering from 
vitamin Bi deficiency, if restored to normal by feeding them 
a ration rich in fat and free of carbohydrate, had retained a 
normal liver cell structure. These observations led to more 
thorough histologic and chemical studies concerning the effect 
of thiamin therapy in Bj avitaminosis. Experiments were 
carried out with growing rats and with growing chicks. 


^Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 

* These studies were aided in part by a grant from the Wisconsin Alumni 
Research Foundation and in part by the Works Progress Administration. 


329 



330 


E. W. ENGEL AND P. H. PHILLIPS 


EXPERIMENTAL 

Part L Studies on the rat 

Eation 112 of Arnold and Elvehjem (’38 a) was used to 
produce vitamin Bi deficiency. Its composition was as 
follows : 


Sucrose 

62 

Purged casein 

18 

Autoclaved peanuts 

10 

Autoclaved A.B. yeast 

4 

Salts I 

Liver extract Factor W 

4 

concentrate O 

2 liver extract 

Pereomorph oil 

3 drops weekly 


An experiment was first made to determine the protective 
ability of various agents against the fatty livers which result 
when rats are relieved of vitamin Bi deficient symptoms by 
thiamin supplements. Litter mate weanling albino rats were 
depleted of their vitamin Bi stores. When severe' deficiency 
symptoms were apparent, two animals which served as con- 
trols were removed for study. The remaining animals were 
removed after having received various supplements over a 
1-week period. The dietary supplements and the results of 
this experiment are summarized in table 1. 

The livers were examined microscopically with the use of 
H and E stain as well as with osmic acid (Eomeis, ’32) for the 
detection of fat. Occasionally pancreas, kidney and adrenal 
gland tissue was also examined. 

After histologic specimens had been obtained the remainder 
of the livers was weighed, dried at 100° C. and then re-weighed. 
The difference in weight represented moisture. Lipids were 
determined by grinding the dried samples and extracting for 
18 hours with ethyl ether. 

Siippl6m.ents of thiamin resulted in an increase in liver 
lipids as is shown in table 1. An increase in liver size and 
weight also resulted from thiamin therapy. The increase in 
liver weight could not be completely accounted for from the 
rise in lipids. Histologic observations substantiated the 
chemical data since all cases which had received thiamin 
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showed hydropic degeneration and fat metamorphosis in the 
liver. At autopsy these livers were observed to be enlarged 
and light in color. The control animals (vitamin Bi deficient) 
had a normal liver cell structure. It is obvious that none of 
the supplements tested were protective against the fatty liver 
condition. 

Since an inanition accompanies severe vitamin Bi deficiency, 
it seemed advisable to test tibe effect of thiamin on liver fat 
in starvation. To this end four litter mate weanling rats were 


TABLE 1 

The effect of thiamin administration upon liver structure and composition in the 

Bt deficient rat 


LOT 

NTTMBBR 

OB’ 

AimCALS 

j 

DIBTABY StrPPLEUElTTS 

LIVER 
: PER CENT 
! OP BODY 
WEIGHT 

LIPIDS 

MOIS- 

TURE 

DEGREE 

OP 

HISTO- 

LOGIC 

DAMAGE 





% 

% 


I 

2 

None 

3.00 

6.46 

73.2 

0 




3.05 

7.28 

70.4 

0 

II 

2 

100 /ig. thiamin/lOO gm. of 

5.25 

9.13 

73.3 

++-f 



ration 

6.00 

9.30 

70.6 

++-1- 

III 

2 

100 fig, tlxiamin/lOO gm. + 

6.10 

10.35 

75.6 

++ 



lipocaic = 10% fresh pancreas 

5.50 

9.28 

70.1 

+++ 

IV 

2 

100 fig, thiamin/100 gm. -f- 

5.72 

8.33 

71.1 

-t-++ 



5 mg. choline/rat/day j 

5.53 

8.38 

69.0 

+++ 

V 

2 

Isocaloric replacement of carho-j 







hydrate mth fat + 20 fig, 1 

5.88 

12.22 

68.3 

++ 



thiamin/100 gm. I 

4,99 

12.30 

70.6 1 



starved. Two were injected intraperitoneally with 100 ng. of 
thiamin on the third day of starvation. All animals were 
removed on the fourth day. Microscopic examination of the 
livers revealed only a slight fat reaction in the cells near the 
central veins in all these cases. These observations suggest 
that the inanition which usually accompanies severe Bi avita- 
minosis is not concerned with the fatty livers resulting from 
thiamin therapy. 

It has been suggested by Sure (’35) that an antagonistic 
relationship exists between thiamin and thyroxin. The effect 
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of the latter on the fatty livers obtained with thiamin therapy 
in Bi avitaminosis was next studied. Four young rats re- 
ceived 5 mg. of desiccated thyroid daily after having been kept 
on ration 112 for 4 weeks. This supplement produced severe 
Bi deficiency symptoms before the end of the fifth week. Two 
of these animals were then removed while the remaining two 
were removed 24 hours after each had received 400 pg. of 
thiamin intraperitoneaUy. 

H and E stained sections, as well as osmicated sections re- 
vealed a normal liver cell structure in all cases. These results 
indicate that the increased rate of metabolism induced by 
desiccated thyroid feeding was responsible for the preven- 
tion of the fatty liver condition occurring in thiamin therapy. 

Part 11. Studies on the chick 

To determine if this hitherto unnoticed liver pathology 
could be produced in other species, studies were next made 
on the chick. Vitamin Bi deficiency was produced by feeding 
1-day-old chicks ration 242 A of Arnold and Elvehjem ( ’38 h). 
This ration consists of : 


A. Autoclaved portion 


B. Untreated portion 


Ground yellow com 

57 

Dried whole liver 

1 

Wheat middlings 

25 

Iodized salt 

1 

Crude acid precipitated casein 

12 

CaOOs 

1 



Ca3(P04)3 

1 



Cod liver oil 

2 


In a preliminary experiment with six chicks it was shown 
that thiamin, when given to vitamin Bi deficient chicks over 
a period of 7 days in daily oral doses of 50 ng., produced en- 
larged light colored livers. Microscopic examination showed 
that fatty metamorphosis was present. 

In the next experiment an attempt was again made to de- 
termine the protective value of various agents. The experi- 
mental procedure was as follows ; 


Lot 

Number of animals 

Dietary regimen 

I 

4 

Basal ration + 0.05% desiccated thyroid 

II 

4 

Basal -f 5 mg. choline/chiek/day 

in 

4 

Basal + 30% acid precipitated casein 
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Two of the birds from each lot served as controls and were 
removed when severely vitamin Bi deficient. The remaining 
birds were given intraperitoneal injections of 400 fig. of 
tbiamin when in tbe severely deficient state and were sacrificed 
48 hours later. 

Pre-vious results obtained with the rat were substantiated 
since no liver pathology resulted in the birds receiving both 
desiccated thjrroid and thiamin. Neither choline nor a high 
level of casein in the diet protected the livers of these birds 
against fatty metamorphosis. AU the controls (no thiamin) 
had normal livers. 


TABLE 2 


The effect of thiamin (or co-carlocsylase) on liver glycogen in polyneuritic chicles 


CHICK 

I 

! DIBTAItT SUPPI/EMEHTS 

. 

DATS OH 
THIAMIN 
THBBAPY 

PER CENT 
GliTCOOBN 

, DEGREE OP 
HISTO- 
LOGIC 
DAMAGE 

1225 

20 /xg. thiamin + 5 mg. choline 

2 

2.23 

+ 

1227 

200 fig. thiamin •+■ 5 mg. choline 

2 

9.81 

-f-h 

1228 

200 fig. thiamin + 5 mg. choline 

2 

2.63 

+++ 

1230 

200 fig. thiamin + ^ choHne 

2 

8.86 

+-1-F 

1231 

400 fig. thiamin -f- 5 mg. glucose 

1 

3.14 

+++ 

1235 

500 fig. co-carboxylase 

4 

7.82 

-t — 1 — h 

1317 

200 fig. thiamin -{- 0.08 units insulin i 

1 

10.13 

+++ 

1319 

200 fig. thiamin + 0.08 units insulin 

1 

9.97 : 

-n-t- 

(7 chicks) 

(Bi deficient, no supplement) 


Av. 0.90 i 

0 


Further chemical studies were made on the fatty livers re- 
sulting from thiamin therapy in polyneuritic chicks in an at- 
tempt further to elucidate the nature of the structural 
changes. Table 2 presents some typical results of esperiments 
in which it was attempted to correlate liver glycogen content 
with histologic observations. In these studies the dietary 
supplements were injected intraperitoneaUy. The birds were 
killed by decapitation and portions of liver immediately 
homogenized in alcoholie KOH solution for glycogen de- 
termination (modified Kerr method, ’36). 

It is, apparent that a marked increase in liver glycogen oc- 
curs with thiamin therapy in polyneuritic birds. It is also 
obvious that insulin seemed to increase the liver glycogen de- 
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position when given along with thiamin and that it did not 
protect against fatty metamorphosis. Co-carboxylase was as 
effective as thiamin in producing the typical fatty livers. 

The severity of the pathologic changes could not be cor- 
related with the glycogen storage since livers with 3 to 4% 
glycogen were as severely affected as those with 8 to 10% 
glycogen. 

In subsequent studies more complete chemical analyses 
were made. Some typical results are presented in table 3. 
Since in previous experiments the birds had been continued 
on the basal diet after thiamin therapy, it was also of interest 


TABLE 3 

The effect of thiamin on average liver composition 


NTJMBEB 

OPBIBDS 

RATION 

lilVEB 
PBB CENT j 
OP BODY 
WEIGHT 

MOIS- 

TXJEB 

Eton 

EXTRACT 

. MG. E IN 
EtOH EX- 
TRACT PER 
GRAM DRY 
LIVER 
(PHOSPHO- 
LIPID P> 

PROTEIN 




% 

% 


% 

12 

242A 4* 300 fig, tMarniu 

3.91 

71.70 

8.67 

3.43 

12.20 

8 

242A only 

2.50 

73.20 

7.44 

5.03 

17.80 

5 

242A 4 300 /Ag. thiamin ’ 

2.17 

73.70 

8.32 

4.48 

17.50 


^Antopsied in starvation 24 hours after the administration of thiamin. 


to see if the typical enlarged fatty livers would result if 
the polyneuritic birds were starved after thiamin therapy. 
Typical polyneuritis was produced as usual. The thiamin was 
injected intraperitoneally 24 hours before autopsy. 

At autopsy liver samples were preserved for histologic 
study. The remaining liver tissue was dried at 100° C. for 
moisture determination. The dried samples were then ex- 
tracted six times with hot ethyl alcohol. Phosphorus was de- 
termined on aliquots of this extract and is represented as 
phospholipid phosphorus- The protein was calculated from 
the nitrogen in the residue after alcohol extraction. 

"When calculated on a percentage basis, the fat content in 
the livers of thiamin treated birds was only slightly higher 
than that of the controls. However, since the livers of birds 
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receiving thiamin plus basal ration were hypertrophied, it is 
obvious that the total fat in the livers of these birds was mark- 
edly increased over that of the controls. Similarly the total 
moisture was greatly increased with thiamin therapy. On 
the other hand, the total protein and phospholipid values com- 
pare favorably with the controls although they are lowered in 



Fig. 1 Chick no. 1407. Vitamin Bj deficient. Normal liver cell structure. 
H. and B. stain. X 440. 

Fig. 2 Chick no. 1407. (Same as figure 1.) No fat staining. Ma^cimov’s 
osmic acid stain. X 440. 

Fig. 3 Chick 1404. Vitamin deficient chick injected with 300 iig, of 
thiamin 24 hours before autopsy. Hydropic degeneration. H. and E. stain. 
X 440. 

Fig. 4 Chick 1404. (Same as figure 3.) Fatty metamorphosis. Maximov’s 
osmic acid stain. X 440. 

the thiamin treated birds when calculated on a percentage 
basis. Similar phospholipid changes were observed by Flock 
(’39) who studied fatty livers in geese. From these data it 
would seem that the abnormal liver composition induced by 
thiamin therapy is largely due to storage of exogenous food 
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substances since the group which had received thiamin and 
then had been starved for 24 hours had a liver composition 
comparable to the controls. However, in this group there 
was also a slight increase in the per cent of liver fat. 

Histologic studies on these livers revealed that the birds 
receiving the basal ration only had normal livers (figs. 1, 2). 
Typical hydropic and fatty liver changes were present in the 
two groups receiving thiamin (figs. 3, 4). However, the 
changes were much less severe in the group which had not 
had access to food after thiamin therapy. 

DISCUSSION 

The histologic changes which appeared in the livers as 
the results of thiamin therapy in vitamin Bi deficient animals 
are of interest since this vitamin is rather extensively used 
clinically. Cowgill (’38) and others have used thiamin at 
rather high levels and failed to observe any adverse effects. 
CoAvgill states that no toxic symptoms were observed in doses 
25,000 or more times the estimated daily human requirement. 
Recently Steinbei’g (’38) has observed Herpes Zoster re- 
sulting in patients treated with large doses of thiamin. He 
sug’gested that thiamin in large doses irritates peripheral 
nerve plates. With few exceptions, reported data would sug- 
gest a mde range of tolerance of this vitamin by the animal 
body. Doses of the vitamin used in the studies reported here 
are considerably below toxic levels as suggested by Molitar 
and Sampson (’36) and by Hecht and Wiese (’37). It is 
true that no gross manifestations of toxicity were noticed in 
the present study. An increased liver size and occasionally 
a slight atrophy of the pancreas were the only abnormalities 
noted at autopsy. 

The results obtained in these studies are in agreement with 
Whipple and Church ( ’36 ) and McHenry ( ’37 ) who have also 
demonstrated that thiamin increases liver fat. The protec- 
tive value of choline against liver fat accumulation as re- 
ported by McHenry could not be confirmed when choline was 
fed at a level of 5 mg. daily. 
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Whether the extreme histologic reactions in the liver re- 
sulting from thiamin therapy in Bi avitaminosis would lead to 
permanent liver damage is still a question. Recent evidence 
with the chick indicates that there is a gradual resorption of 
the liver fat over a period of 6 weeks, even though thiamin is 
administered continuously. The fact that the animals made 
remarkable weight gains and showed no gross ill effects from 
the thiamin therapy would indicate that even though the liver 
tissue appears abnormal histologically, its function has not 
been seriously and permanently disturbed. 

SmiMAET AND CONCTiUSIONS 

When thiamin was administered to vitamin Bj deficient 
chicks or rats hydropic degeneration and fatty metamorphosis 
occurred in the parenchyma of the liver cells. This histologic 
reaction in the liver was not prevented by choline, lipocaic or 
by diets high in fat or in casein. Desiccated thyroid was effec- 
tive in preventing the histologic reactions in the livers. 

Chemical analyses on these livers showed that there was 
an increase in total fat, glycogen and moisture. The phospho- 
lipid and protein remained unchanged. 

Thiamin therapy in experimental vitamin Bi deficiency 
causes an excessive production of free fat in the liver cell 
which disrupts the normal cell structure. 
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FACTORS INFLUENCING STORAGE OF PROTEIN 
WITH LOW-CALORIE DIETS 

M. E. LOVBlili AND I. M. BABINOWITCH 
Department of Metabolism, The Montreal General Hospital, Montreal, 
Quebec, Canada 

TWO FIGURES 

(Eeceived for publication, June 2, 1939) 

The purpose of tliis report is to demonstrate a) the effects 
of different forms of low-calorie diets upon the metabolism of 
protein, and b) the protein-sparing action of between-meal 
feedings of carbohydrates with low-calorie diets of the same 
composition with respect to carbohydrate and fat, but different 
amounts of animal and vegetable proteins. The importance 
of kuowledge of the different factors which may influence the 
metabolism of protein with low-calorie diets is obvious from 
the importance of protein in nutrition and from the many 
people who, for different reasons in health and in disease, 
must reduce their intake of food. Low wage incomes and 
obesity are examples in health; diabetes is an example of 
disease. 

Haggard and Greenberg (’35) have shown that between- 
meal feedings increase the net muscular efficiency of the human 
body and that the increase is associated with an increase of 
carbohydrate metabolism. The observations in general fitted 
in with the well-known fact that mechanical work is best 
done with carbohydrates ; it is done less efficiently with fats 
and least efficiently with protein. This, however, is not the 
only beneficial effect of between-meal feedings. The latter 
prevent the stomach from becoming empty and an empty 
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stomacli may impair eflSiciency, regardless of an adequate 
caloric intake by production of fatigue, etc. — Carlson’s ac- 
cessory phenomena of hunger. 

In general, urinary excretion of nitrogen is governed by the 
intensity of the amino acid metabolism and, in man, the 
metabolism of tissue protein is never in abeyance (Borsook 
and Keighley, ’35). Even with nitrogen equilibrium, endoge- 
nous (tissue) protein was found to account for more than 
half of the total urinary nitrogen (Beard, ’35). In the con- 
struction of low-calorie diets, consideration must, therefore, 
be given to the conditions which tend to conserve nitrogen 
and one of these is the intake of protein, quantitatively and 
qualitatively; retention of protein is more readily accom- 
plished with liberal than ■with low-protein diets and, ■with the 
same intake of protein, more readily accomplished ■with animal 
than "with vegetable proteins. It is also a well-kno^wn fact 
that the total amount of carbohydrate in the diet also in- 
fluences the degree of protein storage (Lusk, ’28; Sherman, 
’37). Eecently, however, Larson and Chaikoff (’37) demon- 
strated another variable in the protein-sparing action of carbo- 
hydrates, namely, time. These authors have shown that carbo- 
hydrates exert their maximum protein-sparing action only 
when they are available at the time that the intensity of the 
protein metabolism is at its maximum and that the interval 
during which extra carbohydrate is able to exert any nitrogen- 
sparing action is limited to about 4 hours before and 4 hours 
after the ingestion of the regular meal. The findings, in 
general, fit in with the more recent observation of Cuthbertson 
and Munro (’39) that, regardless of the amount of carbo- 
hydrate and protein fed, whether the nitrogen balance was 
positive or negative depended upon the number of meals 
per day. 

The data to be reported here are based upon experiences 
■with eight different diets of diabetics during the last 20 years. 
As wiU be shown, they afford additional proof of the influence 
of time in the protein-sparing action of carbohydrates and 
thus the importance of between-meal feedings of carbo- 
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hydrates, in order to maintain nitrogen equilibrium in adults 
and permit optimum storage of protein in children on low- 
calorie diets. The data include 875 nitrogen determinations of 
24-hour samples of urine obtained with diets of different 
carbohydrate, fat and protein contents divided into three 
meals a day only and also with diets which included between- 
meal feedings of different amounts of carbohydrates. 

In the interpretation of the following data, it is necessary 
to point out that, though all of the foods were weighed ac- 
curately, their exact content of carbohydrate, fat and protein 
was not known, because of the variations in chemical com- 
position of food materials. The average values shown in table 
1, however, approximate the actual very closely, since they 
were calculated from a large number of observations. It will 
be noted that no nitrogen balance was calculated from less 
than 74 days of observation of diets divided into three meals 
a day nor upon less than 51 days of observation of diets 
divided into six meals a day. No balance was, therefore, 
calculated from less than 200 meals. Furthermore, it should 
be noted that, this was a comparative study and that there 
was no reason for greater variations in composition of the 
food materials in one diet than in another. 

AH nitrogen determinations of the urines were made in 
duplicate with the macro-Kjeldahl technic. The combined data 
are, briefly, summarized in table 1. 

It will be noted that, though the excess excretions were 
not very great, the average values clearly indicate that nitro- 
gen equilibrium was not maintained either with the modified 
Allen (diet 1) or with the low carbohydrate-high fat-low 
protein diet (diet 2). The data thus fit in with the earlier 
experiences of Geyelin and Du Bois ( ’16). With the moderate 
amount of carbohydrate — 100 gm. — ^but with no reduction of 
the fat nor increase of the protein content (diet 3) there was 
much less difficulty in maintaining nitrogen equilibrium, but 
the average output of nitrogen still exceeded the average 
intake. A very definite change of the protein metabolism was, 
however, noted when the latter diet was replaced by the 
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oo 

to g 

246.8 

43.4 

109.2 

314.4 

1815 


1.46 

68.4 

62.6 

0.91 

62 

17.4 

12.7 

+4.7 

+0.063 

1.37 

b- 

B M ^ o 

1® r 

W M ^ 

251.4 
! 42.9 

106.7 

317.6 

1818 

76.1 

1.40 

! 

66.9 

62.7 

0.88 

51 

17.1 

13.3 
+3.8 
+0.050 
1.28 1 

CO 

ii 

H 

wg 

U 

256.3 

44.1 

104.6 

321.4 

1840 

69.8 

1.49 

66.0 

63.1 

0.94 

68 

tH 

CO w 

Ibj iq N o iH 
CO + oi d rH 
+ 

lO 

3§l 
< « 
BQ 

H 

fci g 

iSe 
sSS 
i 1 

241.4 

53.2 

71.0 

287.9 

1728 

70.6 

1.00 1 

37.2 j 

52.4 

0.53 

111 

11.3 

9.7 1 

+1.6 
+0.022 
1.16 


6| 

ft 

a ^ 

wg 

is 

ll 

248.7 

56.0 

73.1 

296.7 

1791 

00 

CO 

1.13 

j 

35.8 

48.9 

0.55 

218 

! 11.7 

10.7 

+1.0 

+0.015 

1.09 

eo 

ii 

HYDRATE 
HIGH FAT 

108.7 

142.5 
52.6 

163.5 
1928 

CQ 

b- 

(M 

d 

CO 

00 ko iq 

d d 

b- 

CO 

eo 

tH 

00 

o 00 

TjJ o CD o Cft 

00 d d d o 

1 1 

Cd 


HIGH FAT 

48.7 

147.3 

56.2 

96.0 

1745 

CO 

o6 

CO 

w 

00 

d 

CQ 

rH 0> CO 

CQ d 

'<*1 t> 


cq 

O b^ b- o oq 

C35 d tH d d 

^ 1 1 

rH 

MODIFIED * 

1 

35.4 
142.8 

53.1 

80.5 

1639 



36.3 

68.4 

0.51 

155 

8.5 

10.5 

-2.0 

—0.028 

0.81 


Diet (average values) 
Carbohydrate 

Fat 

Protein 

Total glucose 

Total calories 

Average weight (kg.) 

Total protein (gm.Ag-) 

Animal protein 

Total (gm.) 

Per cent of total 

Gm.Ag* 

Days of observation 

Nitrogen balance 

Intake 

Output * 

Retention or loss (gm.) 
Retention or loss (gm.Ag*) 
Intake/output X 100 


The total food value of this diet includes the between-meal feedings. 
Includes allowance of 10% of nitrogen in faeces. 
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Mgh carbohydrate-low fat-moderate protein diet (diet 4); 
the average intake now exceeded the average output. As was 
pointed out in the first report of this diet (Rabinowitdi, ’30) 
retention of nitrogen is one of its most striking metabolic 
etfects. In fact, subsequent experiences (Eabinowiteh, ’31) 
showed that the lowest urinary nitrogen values ever found 
in man were, judging from the literature (Eabinowiteh, ’38 a) 
found with this diet. 

The above experiences fit in with the weU-known experi- 
ments of Eayser and of Tallquist (Sherman, ’37) in which, 
by feeding isodynamic quantities of carbohydrate and fat, 
it was shown that carbohydrates tend to enhance, whereas 
fats tend to interfere with, storage of nitrogen in the body. 
A variable which must, however, be considered in the inter- 
pretation of the above data is the higher intake of protein 
with diet 4 than with diets 1, 2 and 3. It wall be noted that, 
whereas diets 1, 2 and 3 contained about 50 gm. only of protein, 
diet 4 contained about 75 gm. The difference is, approximately, 
the same when the intake of protein is expressed as grams per 
kilogram of body weight. That the increase of protein was an 
important variable wdU be noted subsequently. 

Diet 5 clearly shows the protein-sparing action of between- 
meal feedings of carbohydrates with diets of low calorie value. 
It wall be noted that the total allowance of food wath this 
diet was the same as with diet 4; but, from the total aUowanee, 
the equivalent of 10 gm. of carbohydrate was fed between 
meals (11.00 a.m. and 4.00 p.m.) and also before retiring. 
The result of this change of treatment was a still greater 
retention of nitrogen. 

The origin of these between-meal feedings was entirely ac- 
cidental, namely, an observation by one of our diabetics that 
he always felt better whenever he took, from his total allow- 
ance, some food (an apple or an orange) between meals. Ex- 
cept for the known fact that frequent feedings prevent the 
stomach from becoming empty and thus tend to diminish 
weakness and fatigue (Carlson’s accessory phenomena of 
hunger) the explanation of the improvement of health in 
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general was not clear until the publication of Haggard and 
Greenberg on diet and physical efficiency (’35). That these 
between-meal feedings have approximately the same effect 
upon the respiratory quotient in diabetics as in non-diabetics 
was recently shown by one of us (Eabinowitch, ’38 b). That 
much of the improvement subjectively is, however, also due 
to improvement of the protein metabolism is suggested from 
comparison of diets 5 and 6. It will be noted that there was 
a further retention of nitrogen without the between-meal 
feedings by increasing the intake of protein from about 70 
to about 100 gm. a day. 

Comparison of diets 6 and 7 shows the value of between- 
meal feedings even with liberal amounts of protein whenever 
it is necessary to reduce the caloric content of the diet. It will 
be noted that though the intake of protein was adequate and 
the same with both diets (both contained approximately 100 
gm. of protein, two-thirds of which was of animal origin) the 
between-meal feedings of 10 gm. of carbohydrate resulted 
in a still further retention of nitrogen. Diet 8 shows that a 
stiU better result was obtained when the between-meal feed- 
ings consisted of 20 gm. of carbohydrate.^ 

Three examples of the combined effects of a) the high level 
of protein intake, b) the high proportion of animal protein, 
c) the liberal amount of carbohydrate, d) the small amount 
of fat, and e) the between-meal feedings are shown in table 2. 
Children were purposely selected to demonstrate the force 
of this combination, because of the importance of protein 
storage for growth and development in general. In the past, 
as diets 1 to 3 clearly show, nitrogen equilibrium was main- 
tained with very great difficulty in diabetics, though the urines 
were kept free of sugar and the blood sugars were kept 
perfectly normal. "With hyperglycaemia and glycosuria, 
storage of nitrogen, judging from the literature and from our 
own experiences, was a rare phenomenon. The data in table 2 

20-gm. meal was not accidental; it was based upon the observation by 
Haggard aaid Greenberg that 20 gm. of carbohydrate resulted in the maximum 
increase of net muscular efficiency (personal communication). 
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are, therefore, significant in that, in spite of the average 
urinary excretions of 23.6 and 41.0 gm. of sugar per day, 
the average intake of nitrogen exceeded the average output 
in two of these cases (6051/32 and 3022/36) by 0.06 and 0.17 


TABLE 2 

Showing retention of nitrogen in spite of post-prandial glycosuria^ in severe 
juvenile diabetics treated with the high carbohydrate-low calorie diet 


BEOMAJaKS 

6051/32 

3022/36 

5193/38 

Age (yrs.) 

6 

12 


7 

Diet 





Carbohydrate 

230 

218 

210 

Fat 

45 

42 

45 

Protein 

72 

99 

70 

Total available glucose 

276 

280 

255 

Calories 

1613 

1646 

1525 

Average weight (kg.) 

20.0 

23.1 

20.2 

Protein 





a) Total: (gm.Ag-) 

3.6 

4.3 


3.5 

b) Animal: Gm. 

48.6 

72.0 

42.0 

Per cent total 

67.5 

72.7 

60.0 

Gm.Ag- 

2.4 

3.1 


2.1 

Days of observation 

14 

12 

12“ 

14* 

Insulin (units/24 hours) 

20 

45 

30.8 

35 

Urine sugar (gm./24 hours) 

23.6 

41.0 

12.4 

0 

Nitrogen balance 





Intake (gm.) 

11.5 

15.8 

11.2 

11.2 

Output (gm.) 

10.3 

11.8 

6.5 

7.7 

Retention (gm.) 

1.2 

4.0 

4.7 

3.5 

Retention (gm./kg.) 

0.06 

0.17 

0.23 

0.17 

Intake/output X 100 

1.12 

1.34 

1.72 

1.45 


^ Urine free of sugar and blood sugar normal in fasting state. 

“Period of glycosuria. 

“Period of no glycosuria. 

gm. respectively per kilogram of body weight. That these 
children were not mild diabetics is clearly shown by compari- 
son of their ages with their insulin requirements. 

With diets of total available glucose values of 276 and 280 
gm., average excretions of 23.6 and 41.0 gm. of sugar are not 
very great losses and, as was shown in another report,® differ- 

* Babinowitch, I. M. The significance of post-prandial glycosuria. Ann. Int. Med. 
In press. 
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iTig from the experiences with low-carbohydrate-high fat diets 
of the past, post-prandial glycosuria is not harmful with the 
high carbohydrate-low fat diet, providing the blood sugar 
is normal in the fasting state. Glycosuria is, however, harm- 
ful when there is hyperglycaemia in the fasting state. The 
data of the third child (5193/38) are, therefore, instructive 
in that storage of protein occurred in spite of the poor control 
of the diabetes, as shown by the degree of hyperglycaemia in 
the fasting state. It will be noted that when the data were 
divided into two periods, namely, a) when the urine was free 
of sugar and b) when the urine contained sugar, there was no 
greater — in fact there was less — retention of nitrogen during 
the sugar-free period than when the urine contained sugar. 
The maximum, minimum and average blood sugars in the 
fasting state, in the corresponding periods, were 0.277, 0.217, 
0.243 and 0.250, 0.175 and 0.204% respectively. In view of 
the experiences with the old high fat-low carbohydrate-low 
protein diets, the explanation of the storage of the protein 
appears to be enhancement of the protein-sparing action of 
the carbohydrates by the between-meal feedings, combined 
with the influence of the high carbohydrate-low fat intake 
and the liberal supply of protein, quantitatively and qualita- 
tively. 

The above nitrogen balances fit in with our experiences with 
skeletal growth in juvenile diabetics. Two examples are 
cited in figures 1 and 2. Figure 1 is that of a girl age 12 years, 
8 months (1528/35) who, prior to her admission to this clinic, 
had been treated for the diabetes by drastic reduction of food. 
According to the description of her diet she received approxi- 
mately 1.5 gm. of protein per kilogram of body weight and 
the protein of animal origin accounted for approximately 
1.1 gm. per kilogram. It will be noted that she was markedly 
underheight, according to her age (M. S. Rose, ’38) — ^the 
actual and expected heights were 48.0 and 55.5 inches re- 
spectively. Shortly after the carbohydrate content of the 
diet was increased and the total protein was increased to 
3.0 gm., and the animal protein to 2.2 gm., per kilogram, she 
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began to grow rapidly and, at the end of about 3 years, the 
actual height was within about 2 inches of the expected (she 
gained 9i inches in 35 months) whereas, prior to the change 
of diet it was, as stated approximately, 7^ inches below that 
expected for her age. 


SHOWIMO RELATIONSHIP BBTTOSEH BIOLOGICAL VAITJB OP PHOTEIH 
AND SSEISTAL GROIUTH IK JUVSN^ DIABETES 


Boap «Ko«1528/s& 



JFigure 1 
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Figure 2 is that of boy (70/28) vpiio, at the age of 7 years, 
was normal with respect to height. The total protein content 
of the diet appeared to be adequate, but it will be noted that, 
until the age of about 9J years, he failed to grow at the 
normally-expected rate and, from 9i to 12^ years, the height 

SHOWim RSLATIOBSBIP BIOtOaiCAI. VALDB OP PKOTEXH 

AKD SEEISTAI, (31011^ IS jm/BHIUS DIABBIES 


B.osp<^jkoa 70/28 



B 9 10 U 12 15 14 


Figure 2 
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remained stationary. Tlie animal protein was then increased 
from 1.6 to 2.2 gm. per kilogram of body weight. Thereafter, 
he began to grow at a very rapid rate and gained 5 inches 
during the next 23 months. 

In view of these experiences with skeletal growth, it is 
appropriate to emphasize the importance of the above-men- 
tioned variables which should be considered in the construc- 
tion of low-calorie diets, particularly because of the in- 
creasing literature with respect to the therapeutic use of 
growth hormones. There appears to be no doubt that growth 
hormone therapy may at times be effective in the diabetic 
(Beck and Suter, ’38) as well as in the non-diabetic (Lawrence 
and Harrison, ’38; Molitch and Poliakoff, ’38). According to 
our experience with juvenile diabetes, however, nutritional 
dwarfism is very much more common than true pituitary 
dwarfism and is correctable by diet alone. In a statistical 
study of skeletal growth among our juvenile diabetics 10 
years ago (Eabinowitch and Bazin, ’29) it was shown that 
though the children, in general, were overheight before they 
developed their diabetes and thus conformed to the generally- 
recognized pattern ("White, ’27) they ceased to grow rapidly 
soon after the institution of the treatment of the diabetes. 
It was then suggested that the control of the diabetes also 
tends to control the excess activity of the growth hormone. 
Since then, however, with more knowledge of the protein 
metabolism in such cases, there is much more reason to believe 
that the reduced rate of growth then noted was not due to 
control of the diabetes, but to the diets which, because of 
their deficiencies, did not permit storage of adequate amounts 
of protein. 

SUMMABT 

A study was made of the nitrogen metabolism of diabetics 
treated with low calorie diets but with different amounts of 
carbohydrate and fat and different amounts of vegetable and 
animal proteins. 

The findings fit in with previous observations that carbo- 
hydrates tend to enhance, whereas fats tend to interfere with 
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storage of protein in the body; and that the latter is not 
only also influenced by the total amount of protein in the 
diet, but also by the relative amount of protein of high bio- 
logical (protein-sparing) value. 

The observation made with diets of normal caloric content 
that time is a factor which influences the protein-sparing 
action of carbohydrates is confirmed with diets of low calorie 
contents. 

The many practical applications of these newly-established 
facts of nutrition are suggested from the many people who for 
different reasons in health or disease must reduce the caloric 
contents of their diets. Experiences with skeletal growth in 
diabetic children are cited as examples. 

This work was done with the aid of a grant from Mr. J. C. 
Newman, president of The Montreal General Hospital. 

LITEEATUltB CITED 

Beabd, H. H. 1935 Coefficients of correlation between the nitrogenous con- 
stituents of the urine after ingestion of low, normal and high protein 
diets. Human Biology, vol. 7, p. 419, 

Beck, H. G-., akd G, M. Suter 1938 Pituitary dwarfism with diabetes mellitus. 
Endocrinology, vol. 22, p. 115. 

Bobsook, H., and G. L. Kbighlet 1935 The ^ continuing^ metabolism of nitrogen 
in animals. Proc. Boy. Soc., voL 118, p. 488. 

CuraBEBTSON, J>. P., AND H. N. Mtjnbo 1939 The relation of carbohydrate 
metabolism to protein metabolism. Bioch. J., vol. 33, p. 128. 
Getboe^ik, H. B., and E. P. Dxi Bois 1916 A case of diabetes of maximum 
severity with marked improvement. J. Am. Med. Assoc., vol. 66, 
p. 1532. 

Haggard, H. W., and L. A. Greenberg 1935 Diet and physical efficiency 
(Yale). 

Larson, P. S., and I. L. Chaikoff 1937 The influence of carbohydrate metabo- 
lism on the normal nutritional state. J. Nutrition, vol. 13, p. 287. 
Lavvebnoe, C. H., and A. Harrison 1938 Pituitary dwarfism. Endocrinology, 
vol. 23, p. 360. 

Lusk, G. 1928 The science of nutrition. 4th ed. (Saunders) . 

Molitch, M., And S. Poliakoff 1938 Clinical results of anterior pituitary 
therapy in children. Endocrinology, vol. 22, p. 422. 

Babinowitch, I. M. 1930 Experiences with a high carbohydrate-low calorie diet 
for the treatment of diabetes mellitus. Can. Med. Assoc. J., vol. 23, 
p. 489. 



PEOTEIir STORAGE OIST LOW-CALORIE DEBTS 


351 


Eabinowitch, I. M. 1931 Clinical and laboratory experiences with a high 
carbohydrate-low calorie diet in the treatment of diabetes meintus. 
New Eng. J. Med., vol. 204, p. 799. 

1938 a A strict vegetarian diet. Brit. Med. J. (correspondence), 

vol. 2, p. 680. 

1938 b Theoretical and actual caloric requirements. J, Nutrition, 

vol. 16, p. 549, 

Eabinowitcth, I. M., AND E. V. Bazin 1929 A statistical study of the rate of 
skeletal growth in juvenile diabetes. Arch. Dis. Child., vol. 4, p, 125 

Rose, M. S. 1938 The foundations of nutrition. 3rd ed. (Macmillan). 

Sherman, H.S. 1937 The chemistry of food and nutrition. 5th ed. (Macmillan). 

White, PRisoiLiiA 1927 The potential diabetic child. J. Am. Med. Assoc., 
vol. 88, p. 170. 




A NEW LOW FLUOEINE DIET AND ITS EFFECT 
UPON THE EAT ^ 


EOBEET JOHN EVANS’ AND PAUL H. PHILLIPS 

Department of Biochemistry, College of Agriculture, University of Wisconsin, 

Madison 

(Eeceived for pubHeation June 2, 1939) 


Attempts have been made in several laboratories to produce 
fluorine-free diets. Sharpless and McCollum (’33) prepared 
a highly purified diet which they state “was very low in fluo- 
rine but not quite free.” Marco vitch, Shuey and Stanley (’37) 
used rice and milk to obtain a ration which contained about 
0.6 part of fluorine per miUion. Fellenberg ( ’37) and Tamman 
(1888) have reported traces of fluorine in milk. Repeated 
analyses of milk made in this laboratory have shown that it 
contains between 0.1 and 0.2 parts of fluorine per million 
(Phillips, Hart and Bohstedt, ’34). Since milk can be con- 
verted to an adequate diet by mineralization it would seem 
that mineralized milk would offer an excellent means of 
studying the effects of a low fluorine diet upon the rat. 

EXPEBIMENTAL 

These experiments were designed to study the effect of this 
low fluorine diet upon the skeletal fluorine, growth and re- 
production in the rat. Fresh milk was mineralized with 1 mg. 
of iron (Fe8( 804)2), 0.1 mg. of copper (CuSOi) and 0.1 mg. 
of manganese (MnS04) per 100 cc. Young rats weighing 

* Published with the permission of the director of the Wisconsin Agrienltnral 
Experiment Station. 

® Supported in part by a grant from the Works Progress Administration. 

® Moorman Manufacturing Company fellow. 
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40 gm. each were divided, one male and three females per lot, 
as follows : 

Lot 

I Basal ration — ^mineralized milk 

II Basal + 0.1 p.p.m. fluorine as NaF. 

III Basal 4- 1*0 p.p.m. fluorine, as NaF. 

IV Basal + 10,0 p.p.ni. fluorine as NaF. 

V Basal + 20.0 p.p.m. fluorine as NaF. 

VI Basal -j- 20.0 p.p.m. aluminum as AICI 3 . 

VII Basal + 20.0 aluminum as AlCl* + 20.0 p.p.m. 
fluorine as NaF. 

VIII Basal + 20.0 p.p.m. fluorine as NaF + 3 drops of 
pereomorph oil per rat per week. 

In this experiment an attempt was made to determine if 
aluminnm or excess vitamin A wonld reduce the effects of the 
higher levels of fluorine. It was planned that the animals on 
experiment would be raised to maturity and allowed to repro- 
duce. The animals were kept on raised wire screens except 
when pregnant females were ready to litter. In the latter 
case the females were put on shavings. All attempts to raise 
litters on screen floors failed. At birth the litters were re- 
duced to four pups. The remaining pups were taken immedi- 
ately for fluorine analyses. At 21 days one young rat from 
each lot was likewise taken for analyses to determine if a large 
increase in fluorine concentration occurred during the suck- 
ling period. The remaining young were used for the produc- 
tion of a second generation. A third and fourth generation 
were likewise obtained. The adult rats were removed when 
the succeeding generation rats were produced. Some re- 
mained on experiment 4 and some 7 months. In these eases 
the tibia and femurs were analyzed to determine the skeletal 
fluorine content. 

The fluorine analyses were made by the modified method of 
Willard and Winter as previously described (Evans and 
Phillips, ’38). 

EESTJLTS 

Mineralized milk proved to be a good low fluorine ration. 
On this diet the rat remained healthy and vigorous through 
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jBive generations. Food consumption records showed that only 
0.05 to 0.06 mg. of fluorine per kilogram of body weight were 
ingested per day. It is plainly evident that in this species, 
which can on occasion withstand relatively large quantities of 
fluorine, very little fluorine is necessary. 

In these experiments the growth records of the young were 
alike. There was no retardation of growth when 20 parts 
of fluorine per million were fed. Neither did the added 
aluminum or percomorph oil affect growth. On the basal 
ration plus 20 p.p.m. of fluorine the incisor teeth were definitely 
bleached and elongated. Food consumption indicates that 
this occurred on an intake of 5 mg. of fluorine per kilogram of 
body weight per day. The marginal level where bleaching was 
first noticed was found to be 10 p.p.m. At this level the rats 
ingested 2.5 to 3.0 mg. of fluorine per kilogram of body weight 
per day. Above 3,0 mg. of fluorine per kilogram of body weight 
per day bleaching always occurred. Below this level the teeth 
were normal in appearance. No beneficial results attended 
the addition of 0.1 or 1.0 part of fluorine per million to the 
milk. Neither aluminum at the level fed here nor the perco- 
morph oil prevented bleaching of the incisors. 

Reproduction difficulties were observed during mid- and 
late winter. This explains why the second generation re- 
quired 7 months to produce the third generation. In general 
the levels of fluorine administered had no beneficial or adverse 
effect upon reproduction. Failure occurred in lot V but previ- 
ous experience had shown us that rats on this ration would 
reproduce for three consecutive generations. Lots VI and 
Vn also failed to reproduce beyond the first generation. 

Table 1 shows the average fluorine content of the young 
rats by generations. It is evident that the newborn in lot I 
on the basal ration alone contained appreciable fluorine. This 
residual fluorine was not greatly affected until the added 
fluorine reached 10 or more parts per million, and then there 
seemed to be a rather distinct increase in the first generation 
except in one case (lot VIII). There was no significant dif- 
ference between the fluorine content of the young of the first 
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and third generations on the respective levels of fluorine fed. 
There seemed to be no cumulative effect carried over from 
generation to generation and this applies to both the lowest 
and the highest levels administered. Unborn fetuses gave 
similar fluorine contents to the day-old young. This indicates 
that the young at birth were not greatly contaminated with 
fluorine. 

It has been estimated from our analytical data that 33% 
of the basal ration fluorine ingested during the gestation 
period was deposited in the fetus. The actual dry matter 
represented in the fetuses was only 5.1% of the total solids 

TABLE 1 

The average fluorine content of young rats {fluorine in p.p.m.) 



LOTI 

BASAL 

LOT n 
BASAL 
+ 0.1 
ppm V 

LOT in 
i BASAL 
+ 1.0 
ppm T 

LOT TV 
BASAL 
+ 10 
ppm F 

LOT V 
BASAL 
+ 20 
ppm F 

LOT VI 
BASAL 
+ 20 
ppm A1 

LOT VII 
BASAL 
+ 20 
ppm P 
+ 20 
ppm A1 

LOT VIII 
BASAL 
+ 20 
ppm P 
+ perco- 
morpt 
oil 

At 'birth 








FI 

12.0 

8.5 

15.6 

19.2 

19.2 

i 7.0 

23.6 

6.7 

F2 

. . 

8.8 

, . 

24.5 

, , 


. . 

47.7 

F3 

10.6 

10.3 

11.3 

21.4 

, , 

, , 

. . 

19.0 

At $1 days 





! 



FI 

5.7 

8.4 

7.8 

25.0 

7.2 

6.0 

5.9 

5.2 

F2 

4.1 

4.0 

. . 

24.6 

. . 

. . 

. . 

24.6 

F3 

3.5 

5.3 

6.2 

22.0 

. . 

. . 


46.7 


ingested. Thus the residual fluorine in the fetus seems to be 
larger than one would expect from the fluorine content of the 
ration. This suggests a preferential storage of the milk 
fluorine in the fetal tissues. This suggestion is further sup- 
ported by the fact that females which reproduced contained 
smaller amounts of skeletal fluorine than their respective lot 
mates. These data show a definite placental transfer of 
fluorine. 

It is also seen from table 1 that there was comparatively 
little storage of fluorine during the suckling period. The 
fluorine increase from birth to 3 weeks was slightly more than 
doubled. The dry matter of the rat at birth averaged 1.0 gm. 
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and contained 10 ng. of fluorine. At 21 days the dry matter 
averaged 5.0 gm. and the fluorine content 22.5 ng. Thus the 
proportion of fluorine stored in the rat in comparison to the 
increase in body weight was considerably less during the suck- 
ling period. There was no increase in fluorine storage during 
the suckling period when the mother received as much as 
20 p.p.m. of added fluorine. 

Table 2 shows the relative skeletal storage of fluorine with 
respect to the fluorine ingested by the various lots. On the 
basal ration alone the average skeletal fluorine was 8 to 16 
p.p.m. irrespective of the length of time on experiment. The 
addition of an equivalent amount of fluorine as NaF to that 

TABLE 2 


The average skeletal fluorme content of the adult rats {fluorine in 


GBNEBA- 

TIOIT 

AOS 

MONTHS 

LOT I 
BASAL 

LOT II 
BASAL 
+ 0.1 
ppm V 

LOT ni 
BASAL 
+ 1.0 
ppm F 

LOT IV 
BASAL 
+ 10 
ppm F 

LOT V 
BASAL 
+ 20 
ppm F 

LOT VI 
BASAL 
+ 20 
ppm A1 

LOT VII 
BASAL 
+ 20 
ppm F 
+ 20 
ppm ill 

LOT VIII 
BASAL 
+ 20 
ppm F 
+ perco- 
morph 
oil 

F 

4 

16 

72 

297 

1639 

2562 

71 

2339 

2335 

FI 

7 

16 

44 

355 

2781 

4522 

42 

4067 

4527 

F2 

4 

16 

54 

265 

1729 

, . 

, , 

, , 

3065 

F2 

7 

8 

54 

341 

2695 

, , 

, , 

. . 

4063 

F3 

4 

10 

71 

265 

1573 

. . 

. . 

• • 

2992 

F intake 

0.05- 

0.075- 

0.30- 






mg./kiIo/day 

0.06 

0.082 1 

0.42 

2.5-3.2i 

5.05 

0.05 

5.05 

4.9-6.3 


already present in the basal ration resulted in more than a 
threefold increase in the skeletal storage. When the added 
fluorine was increased to 1.0 p.p.m., however, the portion 
stored was distinctly not linear. It appears that the fluorine 
naturally occurring in the milk is less readily available for 
storage in the skeleton. Again there seem to have been no 
significant changes in the skeletal fluorine from generation 
to generation regardless of the dietary level fed. Certainly 
the third and fourth generation rats on this low fluorine diet 
had bones similar in fluorine content and gross appearance to 
those of the first. These observations again point to the fact 
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that this ration "was adequate in its fluorine content for the 
rat. 

When 1.0 or more parts of fluorine per million were fed, 
there was a greater storage of fluorine in the skeleton during 
a 7-month period than there was during a 4-month period. 
Twenty parts of aluminum per million gave a slight protec- 
tive action against the storage of fluorine in the skeleton and 
thiff protective action was more noticeable "with the increase 
in the length of the experimental period. This level of 
aluminum did not protect against bleaching of the teeth. 
Higher levels of aluminum (100 p.p.m.) on tins diet do protect 
over a 2-month period. Alumimmi added to the basal diet did 
not prevent the fluorine present in the nulk from being stored 
in the skeleton even -though the ratio of aluminum to fluorine 
reached the figure of 40 : 1. Vitamin A in these experiments 
was not efficacious in reducing the fluorine deposited in the 
skeleton. 

DISCUSSION 

The data presented here indicate that excellent results have 
been obtained using milk as a low fluorine diet. On the basis 
of dry matter this ration contained 1.6 p.p.m. The skeletal 
fluorine averaged 13 p.p.m. "with a range from 1 to 31 p.pjn. 
Sharpless and McCollum (’33) obtained skeletal fluorine con- 
tents varying from 6 to 28 p.p.m. -with an average of 21 p.p.m. 
on their ^et. Marcovitch, Shuey and Stanley (’37) obtained 
an average of 36 p.p.m. in the skeletons of their rats which 
were on experiment for a shorter length of time than those 
in these experiments. 

These results show that fluorine is transferred through the 
placenta. This agrees ■with our results obtained with cattle 
(Evans, Phillips and Hart, ’38). Whether these results indi- 
cate that fluorine is necessary for the developing young is 
notkno-wn. Previous work (Evans, Phillips and Hart, ’38) has 
sho'wn that extraordinary amounts of fluorine are present in 
embryonic cartilage ash and the organic matrix of bones. 

The physical appearance of the bones from the animals fed 
only the basal ration appeared to be normal in every respect. 
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The bones were strong, smooth, evenly and well calcified. It 
appears that the low fluorine found in milk does not produce 
an inferior hone. 


STJMMAET AND CONCLUSIONS 

Mineralized milk proved to be a good low fluorine diet 
through five generations of rats. Summer milk properly 
mineralized supported reproduction while winter milk was 
inferior in this respect. 

Fluorine is not necessary for the rat in amounts larger 
than the 0.1 to 0.2 p.p.m. found in nulk. Thus 50 ng. of fluorine 
per kilogram of body wei^t per day meets all of the require- 
ments of the rat for growth, reproduction and general well 
being. Additional fluorine from 0.1 to 20.0 p.p.m. caused no 
measureable improvement in the rat. 

The borderline zone for bleaching of the teeth occurred at 
a level of 10 p.p.m. Bleaching was not prevented by aluminum 
or the extra vitamin A furnished by percomorph oil used in 
these experiments. 

There was a placental transfer of fluorine even on the low 
level of fluorine ingested. This was not increased until the 
level of fluorine reached 10 p.p.m. Thereafter there was a 
definite increase in fluorine passing through the placenta. 
Mammary secretion of fluorine, on the other hand, was not 
affected by as much as 20 p.p.m. 

The low level of fluorine furnished by the basal milk diet 
did not deplete the fluorine stores of the rat through five 
generations, nor did it increase the demand for fluorine. 
There was no cumulative fluorine effect carried over from 
generation to generation on either the lowest or the highest 
level. 

The fluorine normally present in milk appeared to have 
been less readily metabolized for storage in the skeleton than 
that added as sodium fluoride. 
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During the summer of 1937 members of the Cleveland Clinic 
Expedition to northeastern Canada and the subarctic regions 
of Churchill Bay and Chesterfield Inlet made a series of 
metabolism studies on thirteen Chippewa Indians living on a 
reservation near Churchill and on sixty-three Eskimos living 
in the vicinity of Chesterfield Inlet. Six of the Indians were 
males and seven were females ; of the Eskimos, thirty were 
males and thirty-three were females. A number of the tests 
included here were made by Dr. Thomas Mailing, Medical 
Health Officer for the District of Keewatin, Canada, who has 
his headquarters at Chesterfield. After having been in- 
structed in the use of our Jones metabolism apparatus he 
carried on many of the tests on the Eskimos. 

In each instance a short preliminary test was made with 
the individual undergoing the test presumably under basal 
conditions. Following this, the next test was recorded and it 
is this record in every case which is represented in our me- 
tabolism data. The individuals tested were instructed to eat 
no food following their evening meal on the day prior to the 
test. From the appearance of the Indians’ tents on the morn- 
ing of the test plus their apparent willingness to cooperate 
with us induced in part, perhaps, by the promise of small 
presents, we believe that they obeyed this injunction against 
taking food. Doctor Melling followed this same general pro- 
cedure with the Eskimo subjects and found no difficulty in 
securing their cooperation. Besides this, he is well known to 
them and enjoys their confidence. Since the matter of having 
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meals at a set time is of no great moment to either Indian or 
Eskimo, this request to forego breakfast combined with an 
admonition to rest prior to the test, involved no hardship for 
the subjects of the test. 

BASAL METABOLISM TESTS ON CHIPPEWA INDIANS 

The tests upon the Chippewa Indians were carried out on 
warm, sunshiny days in early August. The tests were made 
upon a wide bench in the open, but sheltered from the wind. 
Before the test the individuals reclined in their tents and re- 
mained so until called for the tests. 

A word might be said with reference to the habits of the 
Chippewa Indian in this region. He lives in tents the year 
around, he does a little hunting and fishing and counts on 
the Canadian Government for support in the event that his 
own efforts fail to provide him with sufficient food and cloth- 
ing to maintain himself. Apparently he makes less effort to 
fend against the inhospitable climate than does the Eskimo, 
and he does not show the same adaption to the rigors of 
northern life as does the Eskimo. His food consists of fish 
and game, eked out with ‘store’ food where he can procure it. 

Table 1 sets forth the data as secured on the Indian males 
and females. Included in these data are age, weight, height, 
as well as blood pressure, temperature, pulse rate and metabo- 
lism percentage based upon the Mayo normal standard 
records as established for white individuals of corresponding 
age, sex and body size. 


METABOLISM 

Disregarding the values over -4-40 in the male as well as 
in the females, the average metabolic values are +18% for 
the male Chippewa Indian and +18.50% for the female 
Chippewa Indians. These values we believe to be approxi- 
mate basal values for this group. 

PULSE AND BLOOD PKBSSUEE 

We were surprised at the slow pulse rate in the Indian. 
This ran significantly lower than did the pulse rate of the 
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Eskimo. The average pulse rate for the Indian males -was 
53.3 against 70 for the male Eskimo and 63 for thirty-five 
Maya-Quiche Indian males whose records were secured in 
Guatemala. In the female Indian the average pulse rate was 
65 as compared with 78.8 for the Eskimo female and 82 for five 


TABLE 1 

Chippewa Indians 
Males 




n 

g 

5 

HEIGHT 

WEIGHT 

i 

g 


7 ears 

cm. 

'kg. 

P. 

1 

21 

163.8 

61.2 

96.8 

2 

40 

176.9 

70.3 

97.0 

3 

33 

170.8 

60.3 

97.0 

4 

28 

166,4 

60.3 

96.5 

5 

24 

166.4 

63.0 

96.3 

6 

30 

168.9 

65.8 

95,8 

Av. 

29 

168.8 

63.4 

96.9 


Temale 


7 

15 

157.5 

48.5 

98.0 

8 

17 

158.7 

54.9 

97.8 

9 

50 

166.4 

68.5 

97.2 

10 

33 

160,0 

60.3 

97.4 

11 

50 

151.8 

61.7 

98.4 

12 

30 

152.3 

58.9 

97.0 

13 

33 

157.4 

66.2 

97.4 

Av, 

33 

157.7 

59.8 

97.6 


I 

O » 
O (4 



a » 

» h 

gg 

13 

i’l 


1 

Ph 

o 

sSl 

P 

Sgs. Dias. 


cc. 

% 

112 

78 

55 

258 

12^ 

102 

75 

42 

• • . 

, . 

128 

85 

48 

250 

9 

118 

78 

56 

266 

16 

134 

80 

62 

320 

35 

126 

85 

58 

333 

44 

120 

80 

53.3 

273 

+18.0 

without 





no. 6 

Indians 





122 

74 

52 

216 

5 

116 

72 

62 

333 

64 

120 

70 

72 

253 

23 

145 

86 

60 

266 

39 

114 

72 

78 

210 

8 

128 

78 

54 

235 

22 

126 

76 

78 

235 

14 

124 

75 

65 

236 

+18.5 


mthout 

no.S 


^All values in final column are *plus^ unless other-wise indicated. 


Maya-Quiche Indian females. The pulse of tbese northern 
Indians is characterized by the fullness, and reg^fiarity of 
the beat. 

The blood pressure of the Chippewa Indians averaged 120/ 
80 for the males and 124/75 in the females as against 119/75 
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for th,e Eskimo males and 112/72 in the Eskimo female com- 
pared with 111/77 for thirty Maya-Quiche Indian males and 
111/75 for five Maya-Qniehe females in a series of tests made 
in Gnatemala, C. A. 

Considering the nomadic habits of these northern Chippewa 
Indians, their extreme endurance, which in many instances 
rivals or exceeds that of the Eskimo in the sense that they 
face the extreme rigors of the climate and yet fail to provide 
the warm shelters for themselves as do the Eskimos, and by 
their failure to clothe themselves as warmly as do the Eskimos 
either in summer or in winter, the relatively high metabolic 
rate might be explicable on these grounds. Considering the 
effect of environmental temperature upon the basal metabolic 
rate, any continued exposure to the prevailing temperatures 
at the latitude of Churchill, which marks the northern limit 
of the Indian, might be expected to raise this rate signifi- 
cantly. On the other hand, the Maya-Quiche Indian of Central 
America according to our own findings and those of Steggerda, 
Williams, Shattuck, Benedict, the Navajo Indian of Arizona 
according to Salsbury, all tend to show a basal metabolic rate 
significantly higher than the standard estimates for whites of 
similar ages and weights. It is evident that this higher basal 
rate is not a Mongolid characteristic since the studies of 
MacLeod, Crofts and Benedict, Knipping, Takahira, all show 
the southern Mongolid types (the Sinid and the Palaeo- 
mongolid) run a lower basal metabolic rate than do the 
Indians or the Eskimos measured on this continent which 
presumably are an offshoot of the North mongolid or Tungid 
type of the human race, 

BASAL METABOLISM TESTS ON ESKIMOS 

The Eskimos represented in this study live almost entirely 
on a native diet according to Doctor Melling. Their food 
consists of caribou, seal, walrus, fish and birds. They still 
live in caribou skin or canvas tents in stunmer and snow huts 
in the winter. 
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Table 2 represents the data secured from thirty male 
Eskimos between the ages of 15 and 85 years with an average 
age of 36.8 years. The average nude weight of these Eskimos 
was 64.9 kg., or approximately the same as prevails for male 
whites in the United States. The average male height of 
5 feet 5 inches is somewhat under the white average. 


TABLE 2 
JSsMmo males 


§ 

I 

m 

o 

% 

QJ 

n 

W 

I 

I 

I 

a 

o 

s 

i 

EQ 

ca 

1 



g 

g 


U 

% 

ni 


< 



Eh 

m 






O 

Q 


Years 

cm. 

hg. 

F. 

Sys. 


Dias. 

Bei. 


Aft. 

cc. 

% 

14 

47 

165.1 

72.5 

97.4 

118 


86 

54 


66 

250 

8^ 

15 

85 

161.3 

57.6 

97.0 

92 


70 

67 


84 

206 

8 

16 

40 

170.2 

72.5 

97.0 

138 


80 

72 


60 

308 

27 

17 

18 

155.0 

75.2 

96.4 

122 


78 

66 


84 

286 

24 

18 

22 

170.2 

63.9 

98.0 

148 


80 

72 


84 

286 

17 

19 

28 

155.0 

58.1 

98.3 

116 


72 

64 


62 

235 

9 

20 

30 

160.0 

67.1 

96.6 

124 


70 

64 


70 

242 

5 

21 

37 

157.4 

66.7 

96.3 

162 


90 

62 


68 

286 

29 

22 

40 

157.4 

58.1 

96.3 

108 


64 

60 


60 

235 

13 

23 

70 

172.1 

73.5 

96.3 

112 


70 

68 


64 

250 

11 

24 

50 

158.1 

62.1 

96.1 

122 


70 

80 


78 

285 

*35 

25 

65 

167.7 

64.4 

96.0 

120 


60 

78 


72 

235 

13 

26 

15 

153.7 

48.5 

96.3 

120 


65 

72 


80 

242 

4 

27 

30 

158.8 

50.8 

97.4 

112 


78 

60 


56 

266 

18 

28 

64 

165.1 

75.7 

97.0 

120 


84 

66 


60 

333 

42 

29 

50 

165.1 

77.1 

96.0 

114 


78 

60 


68 

258 

9 

30 

55 

161.3 

61.7 

96.2 

138 


98 

80 


76 

258 

21 

31 

22 

157.7 

58.9 

98.1 

102 


68 

72 


72 

242 

8 

32 

24 

163.8 

63.0 

98.0 

104 


68 

80 


80 

273 

16 

33 

45 

175.2 

78.0 

97.3 

116 


78 

72 


56 

286 

14 

34 

55 

165.1 

72.1 

96.4 

102 


68 

60 


56 

250 

12 

35 

25 

159.4 

64.4 

97.6 

138 


86 

60 


60 

273 

18 

36 

35 

171.5 

72.1 

96.0 

118 


84 

76 


60 

266 

7 

37 

28 

166.3 

75.3 

97.1 

126 


88 

76 


76 

286 

14 

38 

40 

158.1 

58.5 

97.1 

128 


78 

72 


72 

250 

21 

39 

18 

157.5 

46.3 

97.3 

96 


78 

80 


80 

242 

18 

40 

18 

160.7 

54.9 

96.8 

116 


62 

64 


64 

250 

8 

41 

38 

160.0 

71.2 

96.6 

108 


60 

56 


64 

286 

23 

42 

38 

171.5 

78.5 

96.0 

122 


78 

60 


60 

363 

42 

43 

18 

160,0 

60.3 

96.0 

102 


64 

72 


72 

235 

—3 

Av. 

38.3 

162.7 

65.3 

96.8 

118.8 

75.1 

61.9 

68.8 

265.3 

+14.5 


without 
4-42 
values ; 
416.4 
including 
all values 


All values in final column are * plus’ unless otherwise indicated. 
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TABLE 8 
JSsTcimo females 


s 

A 

P 

p 

5 

1 

W 

§ 

xS 

i 

TEMPERATURE 

1 
BQ 
Q EQ 

Si 

ss 

A 


EQ 

g 

(k 

Oa CONSUMED 
PER MINUTE 

DEVIATION PRC 
MAYO NORMA] 
STANDARD 


Yearft 

cm. 

hg. 

F. 

Sys. 

Dias. 

Bef. 

Aft. 

CC. 

% 

44 

47 

152.4 

58.9 

97.0 

124 

80 

66 

66 

266 

42" 

45 

18 

148.5 

51.3 

98.0 

122 

78 

90 

84 

235 

29 

46 

16 

147.9 

53.1 

98.0 

126 

80 

72 

90 

286 

45 

47 

21 

151.1 

55.8 

98.1 

128 

78 

72 

78 

258 

38 

48 

42 

153.7 

56.6 

98.3 

98 

68 

96 

84 

258 

43 

49 

56 

154.9 

57.2 

97.2 

124 

72 

84 

66 

222 

26 

50 

17 

144.7 

45.8 

97.2 

104 

68 

60 

72 

216 

23 

51 

16 

138.4 

44.4 

98.5 

114 

72 

58 

74 

308 

76 

52 

38 

149.8 

55.3 

97.5 

125 

78 

70 

80 

205 

12 

53 

50 

152.4 

61.0 

96.1 

120 

68 

76 

68 

250 

35 

54 

45 

150.4 

55.3 

97.3 

108 

70 

80 

76 

195 

8 

55 

45 

158.1 

54.0 

95.5 

118 

78 

80 

76 

205 

11 

56 

16 

154.9 

52.2 

97.3 

108 

68 

92 

96 

222 

10 

57 

35 

153.0 

54.0 

96.1 

136 

80 

84 

92 

258 

40 

58 

18 

161.3 

46.7 

97.0 

102 

70 

88 

84 

222 

19 

59 

22 

156.2 

66.7 

97.0 

124 

88 

84 

84 

258 

25 

60 

55 

151.1 

53.1 

97.0 

130 

86 

80 

84 

222 

31 

61 

45 

140.9 

51.3 

98.1 

138 

80 

76 

84 

235 

40 

62 

40 

151.1 

58.9 

98.1 

108 

74 

64 

76 

286 

51 

63 

20 

148.5 

53.1 

97.0 

108 

64 

76 

80 

222 

23 

64 

18 

158.1 

59.4 

97.0 

108 

68 

84 

80 

206 

0 

65 

45 

143.5 

50.3 

97.0 

112 

66 

64 

76 

266 

58 

66 

18 

157.3 

67.0 

97.4 

116 

70 

76 

88 

235 

9 

67 

27 

146.7 

55.8 

96.2 

110 

72 

80 

76 

222 

23 

68 

35 

152.4 

61.2 

98.3 

110 

70 

100 

104 

242 

23 

69 

45 

160.6 

57.6 

98.0 

88 

68 

68 

68 

222 

20 

70 

22 

163.2 

58.5 

96.4 

90 

70 

76 

80 

348 

70 

71 

16 

151.1 

48,5 

97.8 

96 

68 

92 

92 

216 

13 

72 

19 

147.0 

59.9 

97.0 

102 

58 

64 

52 

222 

15 

73 

30 

151.1 

49.0 

96.3 

98 

64 

64 

84 

222 

26 

74 

40 

152.4 

54.1 

98.6 

104 

68 

92 

96 

235 

29 

75 

20 

148.5 

55.3 

98.1 

118 

64 

96 

116 

235 

27 

76 

40 

147,9 

56.2 

97.2 

94 

60 

108 

100 

242 

31 

Av. 

31.4 

151.5 

55.1 

97.3 

112.1 

71.7 

78.8 

82.4 

240.5 +21.12 


without 
40 or over 


values ; 
+29.4 
ineluding 
all values 


AU values in final eolumu are Spins’ unless otherwise indicated. 
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The average basal metabolic rate for these male Eskimos ex- 
cluding values over -f-40 -was -{-1L5. Including all values the 
average was +16.4. 

Table 3 shows the data secured from thirty-three female 
Eskimos. The age range in this group was from 16 to 65 
years with an average age of 32.4 years. The average nude 
weight of the group was 55 kg. or just about the average for 
Ainerican female whites. 

The average metabolic rate recorded for the entire group 
of female Eskimos was +29.4. Omitting all values of +40 or 
over the average values of the remaining 24 individuals was 
+ 21 . 12 . 

TABLE 4 


GEOTJP MALE 

AND FEMALE 

MEAN 

METABOLISM 
PER CENT 

4- B. M. E. 

STANDARD 

DEVIATION 

OOEEPIOIENT 

OF VARIATION 

PEE CENT 

Male and female Indians 

18,25±3.4:6 

10.90±2.55 

58.8±:10.31 

Male Esldmos ! 

14.50±1.62 

8.50±l.ia 

58.46 ±: 7.81 

Female Eskimos 

21.12±1.76 

8.65±1.25 

38.41± 5.54 


PULSE AND BLOOD PBES8ITEE 

The pulse rate of the male Eskimo, 63 to 69 as well as that 
of the female at 79 to 83 falls perhaps slightly under the 
pulse values of white males and females and is markedly 
higher than that of the Chippewa Indians. 

The average blood pressure for the males was 119 systolic, 
75 diastolic and for the females it ran 112 systolic and 71 
diastolic. The average height of 5 feet i inch appears to 
be considerably lower than the white female average. 

SUMMAET 

Metabolism tests were made on six male and seven female 
Chippewa Indians. The average metabolic values recorded 
for the males was +18.0% for the females it was +18.5%. 
Pulse rate and blood pressure both appear to be lower than 
they are for the American white population or the Eskimo, 
or Mayan Indian of Central America. 




368 


6. W. CHILE AWD D. P. QUrBrSTG 


The metabolism tests ran on thirty male Eskimos from the 
region around Chesterfield Inlet, Canada, gave an average 
reading of +16.4% for the males and +29.0% for thirty- 
three females when the values above +40 are included ; with- 
out the values above +40% the averages for the males are 
+14.5% and for the females they are +21.12%. The blood 
pressure for both the males and the females is lower than 
that of whites of corresponding age, the pulse rate corre- 
sponds rather closely to that of white individuals. 
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A STUDY OF THE METABOLISM OF THE MATA 
QUICHE INDIAN 
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Cleveland Clinic Foundation and Western Reserve University, Cleveland, Ohio 

(Eeceived for publication June 7, 1939) 

During a recent expedition to Guatemala, Central America, 
164 basal metabolism estimations were made on thirty-five 
male Maya Quiche Indians. Thirty of the subjects were 
soldiers with from 6 months to a year of army service. These 
men were stationed at Totonieipan at an altitude of 8100 feet. 
Five were coffee plantation laborers stationed on the Pacific 
slope at an altitude of 800 feet. In addition, eight tests were 
made upon one white male and one white female at 8100 feet 
and on one white male living at 800 feet altitude. AH the 
tests were run in December, 1938, and January, 1939. The 
study on the soldiers was made possible tihrough the courtesy 
and the assistance of the governor of Totonieipan Province, 
Colonel Carlos Cipriani. 

To test the possible stimulatory effect of chili, twenty tests 
were run on ten soldiers 3 hours after they had ingested 
measured amounts of chili. As a check on the chili tests six 
subjects were tested 3 hours after eating from 1 to 10 gm. of 
tortillas (corn cakes). Prom four to eight tests were made 
upon each subject in the course of a week. The usual data 
necessary for making metabolism determinations were taken. 
The soldiers were tested in their barracks and after the initial 
test took little interest in the proceedings commonly falling 
asleep while waiting their turn to be tested. Following the 
evening meal on the night before the test, they remained in 
their bunks until the conclusion of the tests. During the tests 
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TABXM 1 

Maya^QuicM metaholism data 
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they 'were under constant observation. A J ones metabolism ^ 
unit provided with an oversized bellows and adapted for field 
work was used in this study. 

DISCUSSION OF EBSULTS 

Tables 1 and 2 set forth the data secured and the mean 
metabolism rates respectively. The tests ranged from a — 1 
to +22% which represents the mean calculated percentage 
based upon the Mayo normal standard established for white 


TABLE 2 

Mean metabolism rates 


nocAnoBT 

NTJMBEB 
OF TESTS 

SEX 

KATUEB 
OF TESTS 

KEAN 

METABOLISM 

BATE 

1 

STANDARD 

DEVIATION 

OOEIFFIOIET OF 
VARIATION 

Totonieapan 

134 

M 

Basal 

+8.20*0.958 

5.24*0.674 

63.92± 8.24 

Totonicapan 

20 

M 

3 hours 
after 
chili 
feeding 

+8.46*1.34 

6.01*0.949 

71.03±11.22 

Totonieapan 

12 

M 

3 hours 
after 
tortilla 
feeding 

+1.30*2.10 

7.29*1.48 

58.90*12.02 

Samayae 

laborers 

30 

M 

Basal 

+5.20*1.14 

6.26±0.808 

120 ±15.5 

White 

2 

F 

Basal 

—6 



White 

6 

M : 

Basal 

—11.5*1.21 

2.98*0.861 

30.84* 8.90 


* Increase over subjects' oym basal rate. 


individuals of similar sex, age, weight and height. The mean 
value of +8.20 ± 0.958% secured on the soldiers, we take 
to be a close approach to the true basal metabolic rate for 
this group. The tests were run at from 11.5 to 16° C. open 

^The gauge of this apparatus delivers a constant volume of oxygen under 
varying degrees of temperature and pressure. In repeated comparative tests at 
varying pressures "with a -water spirometer we have found the variations in 
metabolism readings to run less than 3%. We have measured the accuracy of 
the machine at barometric pressures as low as 54.5 mm. of Hg. In repeated 
tests we find that the gauge measures within 1% the volume of the gas as 
measured under standard conditions with the water spirometer. 
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air temperatures. Since the subjects ivere ■well blanketed 
and appeared comfortable at aH times, we believe that the 
outside temperature did not increase their basal metabolic 
rate. Apparently this temperature is within their habitat 
temperature range. By habitat temperature we include that 
temperature range to which the individual or the animal is 
normally subjected and apparently adapted. The barometric 
pressure which averaged 506 mm. of Hg. for six consecutive 
daily readings apparently does not affect the basal metabolic 
rate to any extent for the tests on the laborers at 800 feet 
altitude averaged -|-5.20 ± 1.14%. Five tests under basal con- 
ditions upon one white female and one white male subject at 
8100 feet altitude gave an average value of — 7.5%. Three 
tests upon another white male at 800 feet gave a value of 
- 10 %. 

The twenty tests made 3 hours after chili feeding showed an 
average percentage increase over the subject’s own basal 
rates of -f 8.46% while tortilla feeding increased the rate by 
-fl.30%.2 

The average values for both the Maya soldiers and laborers 
are in keeping -with the values of Benedict (’29) of -1-5.2% 
on thirty-two male Mayas at (Ihichin Itza Yucatan, secured 
by 'Williams and Benedict ( ’29) and with those of Shattuck and 
Benedict (’30) viz., -1-5.8% on thirty Indian subjects. Steg- 
gerda (’32) verified these earlier findings and secured an 
average of -}-8% above normal white metabolism standards. 

It appears from the findings of MacLeod, Earle, Necheles, 
Heinbecker, Okada, "Van Berkhout, to mention only a few 
workers in addition to those already cited, that definite 
racial differences in basal metabolic rates exist. A striking 
fact, however, is that the Indian of Yucatan, Guatemala and 

* Recently we have tested the effect of chili on a number of guinea pigs and 
human subjects. Our maximum dosage was gm. of dry chili for the human 
subject and up to i gm. for the guinea pigs. These tests on the human subjects 
have given negative results to date. In the case of the guinea pigs, our first 
tests were negative but continued dosage over about 3 weeks increased the basal 
metabolic rate from 12 to 14% in some cases. It is possible that continued use 
of chili might have a stimulatory effect on the thyroid glands since there is 
evidence of hyperplastic change in some of our treated pigs. 
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the Navajo ® o£ Arizona and the Eskimo, all run counter to the 
findings made on the Mongolians of China, Japan and Java. 

BLOOD PRESSTJBES AND PULSE BATES 

The blood pressure on the soldiers averaged 111 systolic 
and 77 diastolic, on the laborers it averaged 104 and 73. The 
average for the white subjects with an average age of 31.6 
years was 126 systolic and 74 diastolic. The pulse rates on the 
soldiers ran 63 before and 61 after the tests while those of the 
laborers ran 62 before and 60 after. The white female had 
a pulse rate of 72 while the white males averaged 68. 

GOITER 

We have observed a high incidence of diffuse endemic goiter 
throughout the highland regions. AU the Indian subjects 
with the exception of nos. 22 and 26 were examined by Doctor 
Crile for goiter, only in no. 31 was no evidence of goiter found. 
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The occurrence of anemia in scurvy has been recognized 
for a long time. However, the degree of anemia very rarely 
parallels the other symptoms which are regarded as char- 
acteristic for scurvy (Hess and Fish, ’14; Hess, ’20; Aron, 
’22; Mettier, Minot and Townsend, ’30; Rohmer and Bind- 
schedler, ’32; and Parsons and Smallwood, ’35). 

The frequent and simultaneous occurrence of anemia and 
scurvy has an important bearing on the cause of nutritional 
anemia. A study by Aron (’27) of the cases of nutritional 
anemia treated between 1908 and 1926 in the University 
Children’s Hospital at Breslau revealed that during the period 
of frightful shortage of food material, 1921 to 1923, there 
was an extraordinary increase in the number of cases admitted 
for severe anemia coincident with a hitherto unlmown number 
of cases of scurvy observed during the same period. Fifteen 
cases of anemia were carefully examined for scurvy according 
to clinical symptoms and x-ray findings. Such symptoms were 
found in seven instances (Aron, ’22). It is remarkable that 
Rohmer and Bindschedler (’32), recording the results of 
blood examinations in fifteen cases of infantile scurvy, found 
anemia in ‘only seven instances.’ 

Before ascorbic acid was discovered only so-called ‘anti- 
scorbutic foodstuffs,’ like orange, lemon, or other fruit juices, 

^Tbis investigation was eondueted under a grant from the Emergency Com- 
mittee in Aid to Displaced Foreign Medical Scientists. 
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green vegetables or germinated oats, all of them containing 
a number of other constituents, could be used in clinical 
or experimental investigations. Therefore, it was not possible 
to decide which constituent of the so-called ‘antiscorbutics’ 
was the active factor causing anemia by deficiency and acting 
as a hemopoietic when added to the diet. 

After vitamin G became available in chemically pure form 
as ascorbic acid, some investigations were made concerning its 
influence upon the blood, especially upon the red blood cells 
and reticulocytes. However, the results reported thus far are 
contradictory in several respects and the fundamental 
problems are not satisfactorily solved (Jonas, ’23; Meyer 
and McCormick, ’28; Mettier, Minot and Townsend, ’30; 
Mettier and Chew, ’32 ; Eohmer and Bindschedler, ’32 ; Dunlop 
and Scarborough, ’35; Parsons and Smallwood, ’35; Euler 
and Malmberg, ’36, ’37, ’38 ; Aszodi, ’37 ; Kenney and Eapo- 
port, ’38; Mettier, ’38, andUngley, ’38). 

Since the fundamental problem of the relationship of 
ascorbic acid to blood formation and to anemia cannot be 
solved by clinical studies alone, a systematic experimental 
investigation is necessary. There are very detailed procedures 
and rigid rules for the study of the different scorbutic symp- 
toms in experimental scurvy of guinea pigs. These include a 
study of the body weight, the post mortem findings on the 
various organs, the bones and even the histological structure 
of the teeth. However, until now no attempt has been made to 
include a study of the hemoglobin and the blood cells in the 
‘biological assay’ for vitamin C. It is obvious that for the 
purpose of ‘biological assay’ such blood examination if ap- 
plicable would offer certain advantages over methods based 
only on post mortem findings or histological examination. 

BXPEEIMENTAL PEOCEDTTEE 

a. First series. In the first series of experiments the method 
for biological standardization of vitamin C was strictly fol- 
lowed (Coward, ’36, ’38; King, ’38). 
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The scorbutogenic diet (diet sc.) used throughout all experi- 
ments was prepared every 10 to 20 days by mixing the follow- 
ing components ; 


Heated skimmed milk powder * 300 


Ground whole oats 600 

Melted butterfat, strained 90 

Cod liver oil 10 

NslCI 10 


In addition to diet sc., 5 gm. dry oats were given daily in 
the first and second series of experiments. 

Four male guinea pigs (nos. 3, 4, 11 and 12) somewhat over 
200 gm. in body weight were kept on a diet of oats and carrots 
for a preliminary period. Hemoglobin and red blood cells 
were cheeked at least twice. When the animals had reached 
weights of 265, 275, 280 and 300 gm. respectively they were 
transfered to the scorbutogenic diet. 

The scorbutogenic diet produced the well-known signs of 
scurvy. A distinct reduction of hemoglobin with a slight re- 
duction of the E.B.C., however, developed in only one of 
these animals. The other three animals showed no distinct 
anemia in spite of the fact that they had lost nearly 25% of 
their body weight. None of those four animals could be saved 
even by the administration of ascorbic acid subcutaneously or 
orally in doses of 25 mg. daily. These experiments agree 
fully with those performed by Dr. M. I. Pierce® in this 
laboratory. 

From earlier experiments (Aron, ’22, and Jonas, ’23) we 
had the impression that young guinea pigs or guinea pigs 
of lower body weight do not become anemic as readily as do 
older ones of higher body weight. A critical analysis of the 
experiments published by Meyer and McCormick (’28) seemed 

* The skimmed milk powder was heated in a very thin layer in flat pans for 
at least 4 hours. During the heating process the powder was stirred and turned 
over several times. The heating was continued until the milk powder showed a 
pronounced brown color. The purpose of this was to destroy completely vitamin C 
and such other heat labile factors as might be present, as e.g. the ^ grass juice 
factor^ (Koehler, Elvehjem and Hart, '38). 

* Unpublished results. 
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to confirm this belief. For tbis reason in tbe next series of 
experiments tbe gninea pigs were not put on tbe deficiency 
diet before they had grown to about 500 gm. and were at least 
4 months of age, 

6. Second series. Tbis experiment included six guinea pigs, 
all of them male (nos. 1, 2, 5, 7, 6, 10). In a preliminary period 
carrots and oats with milk were ^ven. Then tbe animals 
were transfered to the scorbutogenic diet which for a limited 
period was supplemented either by addition of 5 gm. fresh 
germinated oats * daily, or by 12.5 mg. ascorbic acid ® dis- 
solved in 2 to 3 cc. of water and fed orally. 

On the one bimdred and first day tbe administration of 
vitamin C was discontinued and dry oats was substituted for 
germinated. Following tbis change a distinct anemia was pro- 
duced in all six animals as will be seen from table 1. All 
these animals were in the ultimate stage of vitamin C defi- 
ciency. 'When we attempted to cure tbe anemia even amounts 
up to 100 mg. ascorbic acid, given either by mouth or by sub- 
cutaneous injection, did not produce a remission of tbe anemia. 
Four animals, nos, 1, 2, 5 and 7 succumbed within 3 to 6 days. 
However, pigs nos. 6 and 10 which on tbe fourth day were 
placed on a diet of germinated oats and concentrated milk 
could be saved. 

In spite of tbe fact that the quantity of ascorbic acid 
contained in the germinated oats was less than 5 mg. there 
was a marked improvement immediately after this change of 
diet was introduced. After the animals had been on this 
supplement of 5 gm. germinated oats for a period of 10 days, 
the germinated oats were replaced by ascorbic acid. At first 
25 mg., later 2 mg. daily were fed orally to each aniTTifll 

Before the guinea pigs had again reached their original 
weight the hemoglobin content of the blood was within normal 
limits. 

*Pive grams geminated oats, according to our chemical determination, have 
an average content of abont 2 mg. ascorbic acid. 

®We wish to express our appreciation to Merck and CJo., Bahway, N. J., for 
furnishing the ascorbic acid (Cehione) used in this investigation. 
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c. A third series of experiments was initiated with the 
intention of starting the supplement with the anemic animals 
before they reached the ultimate (fatal) stage. Six male 
guinea pigs all of whom had been watched closely for more 
than iOO days were fed our scorhutogenic diet (diet so.) with 
an addition of either ascorbic acid (Oebione) or a juice 
pressed from germinated oats for 53 to 68 days respectively. 


TABLE 1 


NUMBER 

OE 

ANIMAIi 

SUPPIiBMBNT TO 

DIET SO. 

AVERAOE BEa!»ORB 
WITHDRAWAL OB’ 
ANTISOOEBUTIC 

LOWEST VALUE AFTER 
WITHDRAWAL OF 
ANTISCOBBUnO 

1 

68th. to 100th day: 

5 gm. dry oats 
+12.5 mg. ascorbic acid 

Hgb. gms. 14.9 

8.2 

Ery, mill. 4.5 

2.2 

2 

68th to 100th day: 

5 gm. dry oats 
+12.5 mg. ascorbic acid 

Hgb. giEus. 14.8 

12.4 

Ery. mill. 4.6 

3.7 

6 

82nd to 100th day: 

5 gm. dry oats 
+12.5 mg. ascorbic acid 

Hgb gms. 14.2 

11.1 



10 

82nd to 100th day: 

5 gm. dry oats 
+12.5 mg. ascorbic acid 

Hgb. gms. 14.5 

10.6 



5 

68th to 100th day: 

5 gm. germinated oats 

Hgb. gms. 15.4 

11.6 

Ery. mill. 4.9 

4.3 

7 

i 

68th to 100th day: 

5 gm. germinated oats i 

Hgb. gms. 15.9 

11.8 

Ery. mill. 4.8 

4.3 

Hemoglobin, grams i 
verage mill. 

14.9 

4.7 

11.0 = 26% reduction 
3.7 — 21% reduction 


The life duration of a red blood cell hardly amounts to more 
than 50 days. Consequently we are fully justified in stating that 
the red blood cells of these guinea pigs and therefore the hemo- 
globin within these cells was built up entirely while these 
anima ls were on diet sc. with the respective supplement. 

As the anemia produced by the withdrawal of vitamin C is 
always of a distinctly hypochromic type, the decrease in 
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hemoglobin is comparatively greater than that in the number 
of red blood cells (see also table 1). For this reason it seemed 
highly important to concentrate our studies upon the hemo- 
globin changes. In order to make the hemoglobin determina- 
tions as accurate as possible they were performed in duplicate 
with two different types of hemoglobinometers, the one check- 
ing against the other (Newcomer and HelKge or Sahli Leitz). 
Blood was drawn at intervals from 2 to 5 days. 

In guinea pigs nos. 6 and 10 the withdrawal of the ascorbic 
acid supplement produced anemia for a second time ; the loss 
of hemoglobin amounting to 24% and 30% respectively.® No 
attempt was made to cure these animals which were made 
anemic for a second time. 

With the other four animals of this group, however, we 
gave the ascorbic acid anew in sufficient time to cure the 
animals. Once or twice daily 50 mg. of ascorbic acid were 
given either subcutaneously or orally. With these large 
doses all four animals were saved. 

Following this administration of ascorbic acid, a surpris- 
ingly fast regeneration of hemoglobin was observed. T^en 
the weight curves began to rise, the hemoglobin levels had 
regained their normal values. The most important figures 
are compiled in figure 1. 

Throughout afi experiments it was noticed that the more 
the anemia develops the more difficult it becomes to obtain 
sufficient amounts of blood for hemoglobin determinations by 
pricking the ears of the guinea pigs. However, within a few 
days after ascorbic acid is given anew, there is again ample 
bleeding from the same ears from which a short time before, 
with exactly the same technic, blood could be obtained only 
with great difficulty. This may be due to a reduction of the total 

•These animals in addition to the scorbutogenic diet were given an extra 
supplement of iron from the time the first decline in hemoglobin was noticed. 
Iron pyrophosphate in doses of 0.2 to 0.5 gm. daily were given in the drinking water. 
This mode of iron administration was adopted since the animals while declining 
in weight as well as hemoglobin still drank some water, while the food was 
hardly touched. 

^‘Cenolate^ kindly furnished by Abbott Laboratories, North Chicago, lU. 
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blood volume. It may also be due to desiccation. Such desic- 
cation would explain why some investigators have reported 
an increase of red blood cells and of hemoglobin in ftHuififll 
as well as in experimental scurvy (Hess and Fish, ’14; Hess, 
’20 and Aszodi, ’37). In our experiments there was also 
a slight rise noted in some instances after the lowest values 
for hemoglobin were obtained. 



Fig, 1 For each graph; Upper curve: Hemoglobin. Lower curve: Weight. 

SUMMAET 

1. When guinea pigs are fed a scorbutogenic diet with an 
addition of ascorbic acid for 50 days or more, a period longer 
than the life cycle of the erythrocyte, normal blood formation 
takes place. 

2. When the ascorbic acid supplement is withdrawn, guinea 
pigs 4 months of age having a body weight of 450 gm. or more 
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show a distinct reduction in the hemoglobin content of the 
blood within 20 days. A supplement of iron does not prevent 
this decline in hemoglobin. Younger animals, of 200 to 300 gm. 
body weight, may also become anemic. However, they very 
rarely do so because they usually succumb before a distinct 
anemia develops. 

3. G-uinea pigs made anemic by the withdrawal of ascorbic 
acid from their diet can be cured by administration of ascorbic 
acid in large amounts either orally or subcutaneously. This 
cure, however, is successful only in animals which have lost 
not more than about 25% of their body weight or one-third 
of their hemoglobin. The rise in hemoglobin induced by the 
ascorbic acid medication takes place much faster than the 
rise in body weight. This indicates that the anenoia is cured 
long before the repair of the other body tissues is accomplished. 

4. While these experiments give unquestionable evidence 
that ascorbic acid is a factor of deciding influence on hemo- 
globin formation in the guinea pig, they do not prove that 
ascorbic acid is the only active factor present in fresh green 
vegetables or in germinated oats as used in this experiment. 

The problem of comparing the activity of ascorbic acid 
present in fresh green foods with the ascorbic acid in chemi- 
cally pure form will be taken up in another paper. 

I am deeply indebted to Prof. Chester J. Parmer for his 
advise, cooperation and his courtesy at all times. I also wish 
to thank Mr. W. L. Lummis for technical assistance. 
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UTILIZATION OF ENEROY OF WHEAT PRODUCTS 

BY CHICKENS " 

G. S. FRAPS AND E. C. CAELTLE 
Texas Agricultural JExperiment Station, College Station 

(Eeeeived for publication June 3, 1939) 

The energy values o£ feeds and foods were formerly com- 
pared on the basis of the chemical analyses for protein, ether 
extract, crude fiber and nitrogen-free extract. Next in point 
of time they were compared on the basis of digestible nutri- 
ents, with the assumption that the digestible nutrients of the 
same class have the same value to the animal, regardless of 
origin. This procedure is still being used (Morrison, ’36), 
though experimental evidence with cattle is conclusive that 
such equality often does not exist and that the digestible 
constituents of some feeds, such as roughages, sometimes have 
a value of half or less of the digestible constituents of others, 
such as concentrates. The calories of human foods are now 
usually calculated (Morey, ’36; Rose, ’38; Sherman, ’37) by 
multiplying the grams of protein by 4, the fat by 9 and the 
carbohydrates (which sometimes includes the crude fiber) 
by 4. The calories for human food obtained by such calcula- 
tions, sometimes called the physiological fuel value (Sherman, 
’36), are presumably the metabolizable energy, which is the 
total energy less the energy lost in the solid and liquid excre- 
ments. TMs method of calculating the energy values of 
human foods was devised for a mixed diet (Morey, ’36) and 
when applied to single foods incorrectly assumes that all 
foods are equally digestible and also assumes that the energy 
values of the metabolizable energy of different feeds are 
equal. As will be shown in this paper, this assumption is also 
incorrect. 

^ Bead at the Baltimore meetiBg of the American Chemical Society, April 6, 1939, 
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The energy values of feeds, as measured by the energy of 
the fat and flesh which can be produced on fattening cattle 
when the feeds are added to a diet already sufficient for 
maintenance, have been extensively studied and for a long 
time have been used for comparing energy values of cattle 
feeds, formulating feeding standards, etc. (Armsby, ’17; 
Forbes and Kriss, ’25; Praps, ’ll, ’25, ’28; Kellner, ’05). 
Such energy values, expressed in therms per 100 pounds of 
feed, have been called the productive energy by Praps and 
the net energy by Armsby and by Forbes. Only a few esti- 
mates of the productive energy of chicken feeds have been 
made. Mitchell and Haines (’37) estimated the net energy 
of corn for chickens to be 2.83 calories per gram, Southgate 
( ’29) calculated that a mixture of 13 parts oats and 3 parts 
dried whole milk has a net energy of 1.8 calories per gram, and 
Praps and Carlyle (’39) found the net energy of a ration for 
chickens to be 1.79 calories per gram. The work here re- 
ported is a comparison of the productive energy values of 
patent flour, low-grade flour, wheat bran and wheat brown 
shorts, with cornmeal as a standard as measured by the energy 
of the protein and fat gained by young growing chickens. 

METHODS 

Pour groups of six chickens each were used in the tests. 
One group was fed a ration containiug 50% of cornmeal, while 
the other three were fed rations containing 50% of the feed to 
be tested. The remainder of the ration was the same in all 
four groups and all the other conditions were made as uni- 
form as possible, so that the only variable was the feed being 
tested; The basal 50% of the ration consisted of 20% wheat 
brown shorts, 12% casein, 6% cornmeal, 6% alfalfa leaf 
meal, 2% yeast, 1% calcium carbonate, 1% salt, 1% tricalcium 
phosphate and 1% of fortified fish oil. Sixty or more baby 
chicks were fed in a preliminary period of 1 week on the com- 
meal ration, and then four groups of six each were selected 
so as to have the same average weight. Pour of the remaining 
chicks, as nearly similar to the others as possible, were ana- 
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lyzed at the begiiming of the experiment, and the other re- 
maining chicks were used for digestion experiments on the 
rations being studied by methods previously used (Fraps, 
’28). The experimental chicks were placed in individual 
compartments in battery brooders, fed individually for 3 
weeks, and weighed at the end of each week. They were then 
killed, the intestinal contents removed, and the entire chick 
ground up together vnth about 1% boric acid and 3%> jSlter 
paper pulp. Protein (N X 6.25) and fat were determined at 

TABLE 1 


Percentage composition of feeds 



EXPERI- 

MENT 

NUMBER 

PROTEIN 

! 

ETHER 

EXTRACT 

CRUDE 

FIBER 

NITROOEN 

FREE 

EXTRACT 

WATER 

i ASH 

Cornmeal 

6-6 

11.05 

3.00 

1.39 

73.15 

9.93 

1.48 

Cornmeal 

6-7 

9.86 

4:.ll 

1.36 

72.78 

10.84 

1.05 

Cornmeal 

6-8 

11.88 

4.96 

1.58 

69.63 

10.27 

1.68 

Patent flour 

6-6 

12.57 

0.91 

0.25 

73.25 

12.55 

0.47 

Patent flour 

6-7 

12.8S 

0.84 

0.24 

73.43 

12.17 

0.49 

Patent flour 

6-8 

13.96 

1.01 

0.40 

70.88 

13.22 

0.53 

Low-grade flour 

6-6 

13.20 

2.24 

0.43 

71.67 

11.52 

0.94 

Low-grade flour 

6-7 

15.07 

1.94 

0.50 j 

70.18 

11.46 

0.85 

Low-grade flour 

6-8 

18.78 

2.08 

0.50 

64.89 

12.74 

1.01 

Wheat bran 

6-6 

17.87 

4.18 

10.13 

52.47 

8.93 

6.42 

Wheat bran 

6-7 

19M 

4.05 

9.41 

50.64 

10.33 ! 

6.33 

Wheat brown shorts 

6-8 

19.03 

4.24 

6.43 

54,83 

10.51 i 

4.96 

Wheat brown shorts 

6-6 

19.33 

4.77 

6.69 

54.95 

9,53 

4.73 

Wheat brown shorts 

6-8, 6-7 

19.50 

4.62 

6.47 

54.94 

9.57 

4.90 


once, not less than three determinations being made on each 
chick. After correcting for additions of boric acid and paper 
pulp, the energy content was calculated by use of the factors 
5.66 for protein and 9.35 for fat. This method was found 
by Fraps and Carlyle (’39), to give results agreeing with 
the heats of combustion determined in a bomb calorimeter. 

BESUIiTS OF WOEK 

Three experiments are here reported. The composition of 
the feeds used is given in table 1. Analyses of the rations 
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also were made and had practically the same composition as 
those calculated from the analyses in table 1 and the per- 
centages of the ingredients. 

The weights and average composition of the chicks and 
other data for the three experiments are given in table 2. At 

TABLE 2 


Composition and weights of chickens 



LIVE 
WEIGHT 
AT BE- 
GINNING 

nivB 
WEIGHT 
AT END 

EMPTY 
WEIGHT 
AT END 

PROTEIN 

PAT 

OAIiOEIBS 

PEE 

100 GM. 
EMPTY 
WEIGHT 

Beginning of experiment 6-6 

gm. 

65.5 

pm. 

65.5 

gm,. 

66.3 

% 

16.74 

% 

7.42 

164.1 

Calories per 100 gm, live weight 
141.2 i 







Cornmeal ration 

65.9 

191.7 

181.4 

20.09 

8.81 

196.1 

Patent flonr ration 

65.6 

i 187.6 

169.7 

20.14 

7.75 

186.4 

Low-grade flour ration 

65.9 

181.6 

1 173.8 

20.34 

6.15 

172.6 

Wheat hran ration 

65.8 

177.2 

167.9 

j 20.84 

2.96 

145.6 

Beginning of experiment 6-7 

51.5 

51.5 

49.5 

16.93 1 

5.23 

144.7 

Calories per 100 gm. live weight 
139.2 


i 





Cornmeal ration 

53.7 

167.7 

163.8 

20.32 

8.37 

192.4 

Patent flour ration 

52.9 

161.1 

156.9 1 

20.93 

6.13 

175.8 

Low-grade flour ration 

52.9 

173.4 

169.6 

21.25 

6.23 

178.5 

Wheat bran ration 

53.1 

159.0 

152.2 

21.70 

2.83 

149.2 

Beginning of experiment 6-8 

59.9 

59.9 

58.2 

18.17 

6.79 

166.3 

Calories per 100 gm. live weight 
161,4 







Cornmeal ration 

60.5 

209.7 

203.2 

20.34 

8.04 

190.3 

Patent flour ration 

59.6 

194.7 

189.7 

20.93 

7.04 

184.3 

Low-grade flour ration 

59.9 

201.0 

194.7 

20.79 

5.04 

164.8 

Wheat brown shorts ration 

60.4 

199.9 

193.9 

21.03 

3.70 

153.7 


the end of the experiment the chicks fed the wheat bran ration 
averaged only about 3% fat and those fed on the wheat brown 
shorts ration averaged only 3.7 % fat as compared with more 
than 8% fat in the chickens fed on the cornmeal ration. There 
are great differences in fat and energy content for the differ- 
ent rations. The live weights at the end of the experiment 
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averaged 191.7 gm. for tlie cormneal ration, compared with 
177.2 for the wheat bran ration in experiment 6, and 167.7 
gm. compared with 159.0 in experiment 7. The energy value 
of the ration may thus affect the fatness of the chickens more 
than it affects the live weight. 

The results of the chemical analyses, the digestion experi- 
ments and the estimation of metabolizable energy are sum- 
marized in table 3, both for the rations and for the feeds. 

TABLE 3 


Effective organic nutrientSj effective digestible rmtrients and metabolisable energy 
per ICO gm. of rations and of feeds 



RATIONS 

FEEDS 

Effective 

organic 

con« 

stituents 

Effective 

digestible 

nutrients 

Metabo- 

lizable 

energy 

Effective 

organic 

con- 

stituents 

Effective 

digestible 

nutrients 

Metabo- 

lizable 

energy 



ffm. 

ffm. 

cal. 

ffm. 

gm. 

cal. 

Basal part of ratioE 


82.0 

59.0 

274.0 

•• 

•• 

•• 

Conimeal 

Exp. 6 

86.4 

70.5 

319.3 

91.0 

82.0 

364.6 

Patent flour 

Exp. 6 

85.8 

68.5 

307.0 

87.9 

78.0 

340.0 

Low-grade flour 

Exp. 6 

86.5 

66.6 

299.9 

89.9 

74.2 

325.8 

Wheat bran 


83.2 

47.9 

213.1 

79.8 

36.8 

152.2 

Cornmeal 

Exp, 7 

86.9 

68.0 

322.3 

91.9 

77.0 i 

370.0 

Patent flour 

Exp. 7 

86.5 

69.4 

311.7 

88.2 

79.8 

349.4 

Low-grade flour 

Exp. 7 

85.8 1 

68.3 

313.0 

89.6 

77.6 

352.0 

Wheat bran 

Exp. 7 

80.8 

45.9 

208.3 

79.0 

32.8 

142.6 

Cornmeal 

Exp. 8 

88.6 ! 

71.2 

320.4 

92.7 

83.4 

366.8 

Patent flour 

Exp. 8 

86.8 

69.9 

319.1 

87.1 

80.8 

364.2 

Low-grade flour 

Exp. 8 

85.6 

65.2 

293.2 

88.4 

71.4 ! 

312.4 

Wheat brown shorts 

Exp. 8 

83.6 

53.5 

241.8 

83.4 

48.0 1 

209.6 


The effective organic constituents are the sum of the protein, 
the ether extract multiplied by 2.25, and the nitrogen-free 
extract, as found in the analyses made of the rations and of 
the feeds. The crude fiber is considered to have no energy 
value for chickens. The effective digestible nutrients are 
the sum of the digestible protein, the digestible ether extract 
multiplied by 2.25 and the digestible nitrogen-free extract. 
For the rations they were calculated directly from the average 
data of two digestion experiments. For 100 parts of the feeds 





390 


G. S. PEAPS ANX) E. 0. CAELTLE 


they were obtained by deducting the effective digestible nutri- 
ents of one-half of the basal part of the ration from those of 
the total ration and multiplying by 2. For example, for corn- 
meal in experiment 6, 59.0 divided by 2 and the result sub- 
tracted from 70.5 and multiplied by 2 gives 82.0, the effective 
digestible nutrients in 100 parts of the cornmeal. The me- 
tabolizable energy is the gross eniergy of the feed minus the 
energy of the excrement, since with the chickens the excre- 
ment contains the urinary excretion as well as the imdigested 
material. The metabolizable energy of the rations was de- 
termined in connection with the digestion experiments and 
that of 100 parts of the feeds by subtracting one-half the 


TABLE 4 

Maintenance requirements calculated from the cornmeal ration 



AVEBAOE 

WEIGHT 

or 

CHICKS 

BY 

PERIODS 

i 






roB 

MAINTENANCE 

KXPBBI- 

MBNT 

KXJHBEB 

INITIAL 
ENERGY 
CON- 
TENT or 
CHICKS 

YINAL 
ENERGY 
CON- 
TENT or 
CHICKS 

GAIN or 
ENERGY 
or 

CHICKS 

3PROD. 

ENERGY 

or 

RATION 

TOTAL 

RATION 

EATEN 

lip 

Total 

prod. 

energy 

Prod. 

energy 

per 

period 

and 

100 gm. 
chicken 


ffm. 

cah 

cal. 

cal. 

cal. per 
gram 

gm. 

cal. 

cal. 

cal. 

6 

118.0 

93.1 

357.5 

264.4 

1.96 

275.2 

539.4 

275.0 

234.5 

7 

107.3 

74.7 

315.5 


1.89 

249.0 

470.6 

229.8 

215.2 

8 

131.9 i 

97.6 

386,8 

1 289.2 

1.98 

288.6 

571.4 

282.2 

214.2 


metabolizable energy of the basal part of the ration and 
multiplying by 2 as was done with the effective digestible 
nutrients. The determinations of heats of combustion for 
this work were made in an Emerson bomb calorimeter by 
Dr. J. F. Fudge. 

Data for the calculations for the maintenance requirements 
and the value of the rations for fattening are given in tables 
4 and 5. The maintenance requirements are calculated with 
use of the average weights by periods. The average weight 
by periods is the average of the average weight for each of 
the 3 weeks, secured by the formula +-^ +'^, divided 
by 3, in which a is the live weight at the be^nning, and b, c, 
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and d, the weights at the end of the first, second and third 
week respectively. The use of the average weight hy periods 
has been shown by Fraps and Carlyle (’31) to give more 
consistent results that the use of the average of the first and 
last weights. The use of the weight as a basis for calculat- 
ing the maintenance requirements was also shown by Fraps 

TABLE 5 


CalculatioTL of productive energy of rations 



EXPERIMENT 

i 

§§ 

iS 

Sm 
< o 

is 

1 

1 

1 

j 

i 

1 

UUlTXAJj UUK- 

TENT OP OHIOKS 

§ tfi 

p 

h 

a 

'K to 
HM 

§3 

!!! 

g 

3 

S 

1 

o 

si 

gg 

P 

5 * 

U 

si 

1 gs 

R 

i 

i 

in 

11 

¥ 

B O 

R 

Patent flour ration 

6 

firm. 

111.6 

caL 

92.6 

eal, 

316.2 

cal, 

223.6 

am. 

1 271.9 

cal. 

262.2 

cal, 

485.8 

Caloriec 

per 

too gm, 
179.2 

liow-grade 
flour ration 

6 

115.4 

93.1 

302.1 

209.1 

277.2 

271.1 

480.2 

173.7 ' 

Wheat 'bran ration 

6 

114.6 

93.0 

244.8 

151.8 

356.5 

268.8 

420.6 

117.8 

Patent flour ration 

7 


103.8 

73.6 

276.6 

203.0 

249.0 

223.3 

426.2 

171.8 

Low-grade 
flour ration 

7 


111.6 

73.6 

303.4 

229.8 

260.6 

239,9 

469.6 

180.0 

Wheat bran ration 

7 


106.5 

74.0 

228.4 i 

154.4 

355.2 

228.9 

383.3 

107.2 

Patent flour ration 

8 

128.4 

96.1 

351.8 

255.0 

299.8 

274.8 

529.8 

176.4 

Low-grade 
flour ration 

8 

127.7 

96,7 

321.6 

224.9 

289.2 

273.3 

498.2 

172.3 

Wheat brown 
shorts ration 

8 

124.1 

97.5 

297.9 

200.4 

376.1 

265,7 

466.1 

125.0 


and Carlyle (’39) to give results better in accord with previ- 
ous work of others than the use of the surface area. 

For the purpose of comparing the energy values of the 
other feeds with that of cornmeal, 1 gm. of the effective di- 
gestible nutrients of the cornmeal ration and of the cornmeal 
consumed over maintenance was assumed to produce 2.78 
calories of gain in the chicken. This is the average value 
secured by Fraps and Carlyle (’39) for a mixed ration eon- 
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taining 51% cornmeal, 19% wheat brown shorts, 10% dried 
buttermilk, 6% cottonseed meal, 5% alfalfa leaf meal, 4% 
tankage, 2% bone meal, 2% oyster shell and 1% salt. As the 
equality of the digestible nutrients of the mixture is assumed, 
and as the work here reported shows that the value of the 
digestible nutrients of wheat brown shorts is much below 
that of cormneal, the 2.78 calories per gram of digestible 
nutrients is too low for the cornmeal ration. However, correc- 
tion of this value must await more data as to the value of 
the energy contaiued Jn the various ingredients of the ration 
used by Fraps and Carlyle (’39). Since the object of this 
work is to secure comparative energy values of the feeds 
tested, rather than absolute values, the use of too low a value 
for productive energy will not introduce any large error. The 
productive energy of the cornmeal ration given in table 4 was 
secured by multiplying the effective digestible nutrients of 
table 3 by 2.78. 

Since cornmeal is used as the standard, tibe calories of pro- 
ductive energy used for maintenance under the conditions of 
each experiment are calculated from the cornmeal ration, as 
given in table 4. The initial energy content of the chicks is 
calculated from the initial live weight and the initial energy 
per gram, as found by analysis (table 2) and the final energy 
content from the final empty weight and final energy content 
of the chicks. The productive energy of the ration eaten is 
the grams eaten multiplied by the productive energy (1.96 
in case of experiment 6). The productive energy used for 
maintenance is the productive energy of the ration eaten less 
the gain of energy in calories, of the chicks, since by defini- 
tion, the productive energy is measured by the gain in energy. 
The maintenance requirements are calculated to calories of 
productive energy required to maintain 100 gm. of chicken 
for the period of each experiment. 

The maintenance requirements calculated in table 4 are 
used in table 5 to calculate the productive energy of the 
rations. The method of procedure should be obvious from the 
headings of the table. The sum of the calories of productive 
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energy used for gain and for maintenance divided by tbe 
quantity of feed eaten and multiplied by 100 gives tbe 
calories of productive energy of 100 gm. of the ration, and 
these are given in the last column of table 5. 


TABLE 6 

Comparative productwe energy of feeds in calories 


EXPERI- 

MENT 

KT7MBER 


PATENT 

PLOUR 


LOW- 

GRADE 

FLOUR 


WHEAT 

BEAN 


WHEAT 

BROWN 

SHORTS 


6 

7 

8 

Average 


Productive energy per 100 gm* of feed 


228 

214 

232 


183 

196 

181 


71 

50 


225 I 188 I 187 | 61 

Productive energy per 100 gm. of effective 
organic constituents 


Productive energy per 100 gm. of effective 
digestible nutrients 


6 

251 

221 

204 

89 

7 

233 

203 

219 

63 

8 

260 

217 

205 

•• 

Average 

248 

214 

209 

76 


86 

86 


103 

103 


6 

278 

249 

247 

193 


7 

278 

224 

253 

152 

, , 

8 

278 

234 

254 

. . 

179 


— 

— 

— 

— 

— 

Average 

278 

Produci 

236 

;ive energy p< 
metabolizabl 

251 

jr 100 calorie 
,0 energy 

173 

s of 

179 

6 

63 

57 

56 

47 

• • 

7 

58 

51 

56 

35 

. , 

8 

63 

52 i 

58 I 

. . 

41 


— 

— 

— 

— 

— 

Average 

61 

53 

57 

41 

41 


The averages given in tables 5 and 6 are calculated from 
the data for individual chickens. The results would be 
slightly different had average data been used in the calculat- 
ing of the maintenance requirements or of the productive 
energy. 

The difference between the assumed productive energy 
value of 100 gm. of the corn meal ration (196 cal.) and of 
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the patent flour ration (179) gives the effect (—17) of sub- 
stitution of 50 gm. of patent flour for 50 gm. of cornineal. 
Twice this difference ( — 34) added to the productive energy 
of the cornmeal (228) gives the productive energy of 100 gm. 
of the patent flour (194 cal.). The productive energy values 
of the other feeds were calculated in a similar way. 


TABLE 7 

Froduefive energy of feeds compared with cornmeal as 100 


BXPBBI- 

MJJNTP 

ITUHBBa 

1 

OOBNllEAIi 

PATENT 

ELOUB 

LOW- 

OEADB 

ELOint 

WHEAT 

BEAN 

WHEAT 

BROWN 

SHORTS 


Productive energy per 100 gm, of feed 


6 

100 

85 

80 

31 

. • 

7 

100 

84 

92 

23 

. , 

8 

100 

81 

78 

•• 

37 

Average 

i 

83 

83 

27 

37 


Productive energy per 100 gm. of effective 


organic constituents 


6 

100 

88 

* 81 

35 

7 

100 

87 

94 

27 

8 

100 

83 

79 

•• 

Average 


86 

85 

31 


Productive energy per 100 gm. of effective 
digestible nutrients 


6 

100 

90 

89 

69 

7 

100 

81 

91 

55 

8 

100 

84 

91 

•* 

Average 


85 

90 

62 


Productive energy per 100 calories of 
metabolizable energy 


6 

100 

90 

89 

75 

, , 

7 

100 

88 

97 

60 


8 

100 

83 

92 

•• 

65 

Average 


87 

93 

68 

65 


The productive energy values of the feeds are ^ven in the 
top section of table 6. By means of these data and the data 
in table 3 calculations have been made for the productive 
energy in calories per 100 gm. of effective organic constitu- 
ents, of effective digestible nutrients and of 100 calories of 
metabolizable energy. 
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DISCUSSION or EESULTS 

With the average productive energy of cornmeal at 225 
calories per 100 gm., the average productive energy of the 
patent flour as given in table 6 is 188 calories, that of the 
low-grade flour is 187, that of the wheat brown shorts is 86 
and that of the wheat bran is 61. The productive energy of 
wheat bran is a little more than one-fourth of that of cornmeal. 
The average productive energy per 100 gm. effective digesti- 
ble nutrients are the assumed value of 278 for the cornmeal, 
236 for the patent flour, 173 for the wheat bran and 179 for 
the wheat brown shorts. That is, the energy value per gram 
of digestible constituents differs in different feeds and the 
quantity of digestible constituents is not a correct measure 
of the value of a chicken feed for growth. It is also seen in 
table 6 that 61% of the calories of metabolizable energy are 
utilized from cornmeal but only 41% from wheat bran or 
wheat brown shorts. The metabolizable energy is not a cor- 
rect measure of the value of a feed for growth and production. 

Compared with that of cornmeal at 278 calories the produc- 
tive energy per 100 gm. of digestible nutrients of the patent 
flour averages 236 and that of the low-grade flour 251. It 
is impossible at the present time to say why the digestible 
nutrients of flour have lower productive energy than cornmeal. 
The chemical compounds (chiefly starch and protein) do not 
appear to be sufficiently dissimilar in quantity or quality to 
cause these differences. The possibility of a vitamin de- 
ficiency in the rations is being investigated. 

The productive energy value per unit of the digestible 
nutrients of the wheat brown shorts and of wheat bran are 
64% and 62% of those of cormneal. These lower values per- 
haps may be partly accounted for on the assumption that the 
products of the digestion of the pentosans and hemicelluloses 
present in wheat bran and wheat brown shorts are not as 
completely utilized by the animal body as the sugars formed 
from the digestion of the starches of cornmeal and wheat 
flour. This explanation, of course, requires further study. 



396 


G. S. FEAPS AND E. C. OAELYLB 


The relative productive energy of the metabolizable energy 
of lo-w-grade flour is 57, of patent flour is 53, of wheat brown 
shorts is 41 and of wheat bran is 41, compared with that of 
cornmeal at 61. The metabolizable energy is a little better 
measure of productive energy than the digestible nutrients 
but not sufficiently accurate for use. When measured by gains 
of protein and fat on growing chickens, neither the total 
nutrients, the digestible nutrients, nor the metabolizable 
energy are correct measures for the relative values of corn- 
meal, wheat flour, wheat brown shorts and wheat bran. Since 
the difference between the productive energy and the metabo- 
lizable energy must be dissipated as heat, wheat bran and 
wheat brown shorts should produce a greater excess of heat 
to dissipate than cornmeal or wheat flour, and this fact may 
be especially important in warm climates. 

The human digestive organs are different from those of 
chickens, and the quantity of material digested by a human 
from a given food may be different from that digested by a 
chicken from the same food. However, once the food has 
been digested, there may be little relative difference in utili- 
zation of the energy of the digested materials. The results 
here presented at least indicate that wheat bran may have a 
low value in human food and that the removal of the bran 
(about 18% of the whole wheat grain) and of wheat brown 
shorts (about 12%) in the process of flour milling may be an 
advantage. They indicate that graham flour or whole wheat 
flour may have about 90% of the energy value of white flour. 
They indicate that cornmeal, wheat flour, graham flour and 
whole wheat flour may differ in productive energy for human 
food and not be equal in energy value as is at present assumed 
to be the case (Morey, ’36; Sherman, ’37 ; Eose, ’38) and that 
the relative energy values now used need to be studied and 
revised. 

SUMMARY 

The value of several feeds for maintenance and for pro- 
duction of gain when fed to young growing chicks was com- 
pared with the value of cornmeal. The feeds to be compared 
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were fed as half of a ration otherwise constant. The energy 
content was calcnlated from analyses made for protein and fat 
on representative chicks at the beginning and the chicks on 
experiment after 3 weeks of the feeding tests. The main- 
tenance requirements were calculated from the data secured 
with the cornmeal ration. The calories of energy gained were 
calculated from the data of the other tests made at the same 
time. With the cornmeal ration as a standard, three tests 
were made with patent flour and low-grade flour, two with 
wheat bran and one with cornmeal. With the productive 
energy of cornmeal at 225 calories per 100 gm., the relative 
productive energy values of the other feeds averaged : patent 
flour 188, low grade flour 187, wheat brown shorts 86 and 
wheat bran 61. The relative productive energy values of 
effective digestible nutrients averaged, with cornmeal at 278, 
in patent flour 236, in low-grade flour 251, in wheat brown 
shorts 179 and in wheat bran 173. The relative productive 
energy values of the metabolizable energy were, with corn- 
meal at 61, patent flour 53, low-grade flour 57, wheat brown 
shorts 41 and wheat bran 41. When measured by gains of 
energy in protein and fat of growing chickens, neither the 
total nutrients, the digestible nutrients, nor the metabolizable 
energy are correct measures of the feeding values of corn- 
meal, wheat flour, wheat brown shorts and wheat bran. 
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THE EFFECTS PEODUOED BY AN INCEEASE IN THE 
CALCIUM AND PHOSPHOEUS CONTENT OF THE 
DIET ON THE CALCIUM AND PHOSPHOEUS 
BALANCE AND ON VAEIOUS BODILY 
CONSTITUENTS OF THE EAT ^ 

JOHN HALDI, GEOKGE BACHMANN, WINFEET ‘WYNN AND 
OHABEES ENSOE 

T. T. Fishburne Laboratory of Physiology, Emory University, Georgia 
(Eeceived for publieatiou May 22, 1939) 

An excess of inorganic phosphate in the diet of albino rats 
in the form of orthophosphorie acid, or as the acid, basic or 
neutral phosphate of sodimn or potassium has been shown 
by MacKay and Oliver (’35) to result in pronounced renal 
lesions. Calcification of a necrotic debris that fills the tubules 
presented a striking feature of the lesions. These effects on 
the kidney which we have confirmed in preliminary experi- 
ments, suggested the present investigation in which the ef- 
fects of a large intake of calcium and phosphorus on the de- 
position of these elements and on the weight, water, protein 
and fat content of the body were determined. 

PEOCEDTJEE 

The animals used in these experiments were the offspring 
of inbred Wistar rats and were selected in groups of three 
litter mates of approximately the same weight. Seven groups 
of males and an equal number of females, or a total of forty- 
two animals, were used. When weaned at the age of 21 days, 
they were placed in individual cages and fed the Wistar diet 
for 7 days. During this period the food intake was controlled 
so that each animal consumed the same amount of food as its 

^Presented before the American Physiological Society at the Toronto meeting, 
April 26-29, 1939. 
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litter mates. The animals were then placed on the experi- 
mental rations. The basal ration consisted of 68% sucrose, 
18% casein, 10% yeast and 4% of the Osborne and Mendel 
salt mixture. Sufficient CaCOg was added to give a Ca/P 
ratio of 2 : 1, as determined by analysis of the mixture ; with- 
out this addition the ratio was 1 : 1. One animal in each group 
was fed the basal ration to serve as a control ; the other two 
in the group were fed the same ration with additional amounts 
of calcium and phosphorus. Phosphorus was added in the 
form of a neutral mixture of mono- and dibasic sodium phos- 
phate in sufficient quantity to increase the phosphorus content 
to approximately 2.5 and 3.2 times the amount present in 
the basal diet. Calcium was added as CaCOg in amounts suffi- 
cient to maintain the Ca/P ratio within the range of 1.6 to 
2.0. Each animal was given daily by medicine dropper, 7 drops 
of a 6 : 1 mix ture of cod liver oil and linoleic acid. 

The basal ration will hereafter be referred to as ration 1 
and those with the larger amounts of phosphorus and calcium 
as rations 2 and 3, respectively. Preliminary experiments 
showed that on rations 2 and 3 the Mdney lesions described 
by MacKay and Oliver occurred invariably whereas the kid- 
neys of the control animals on ration 1 were normal.® 

The animals were fed on the experimental rations for 10 
weeks, by the paired feeding technic of Mitchell and Beadles 
(’30). The food intake of litter mates was kept approxi- 
mately the same from day to day and exactly equalized once 
a week. In making this equalization the actual bulk of the 
food mixture consumed by the animals on rations 2 and 3, 
owing to the higher salt content, had to be larger than that of 
the controls in order that the caloric value would remain the 
same. The feces were collected over the entire period of the 
experiment including the preliminary week on the Wistar 
diet. The bottom of the cages was constructed of wire mesh 
sufficiently large to permit free passage of the feces on to a 

® Histopathological examination of tlie kidneys was made by Dr. Everett Bishop, 
pathologist to the Steiner and the Winship Clinics, Atlanta, Georgia. 
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fine mesli screen beneath. The collected feces were dried, 
weighed and analyzed for caleimn and phosphorus. 

At the conclusion of the experiment the animals were fasted 
for 24 hours with free access to water, and then killed by a 
blow on the head. The bodies were chopped with a meat 
cleaver, ground in a sausage grinder and finally in a corn mill. 
The intestinal contents were not removed. This procedure 
produced a homogeneous mass as shown by checks obtained 
on analyses of several aliquots for calcium, phosphorus, fat, 
nitrogen and water. 

The analytical procedure was as follows : An aliquot of ap- 
proximately 20 gm. was boiled in 30% KOH and after boiling, 
one sample taken for the analysis of fat by the method of 
Leathes and Raper (’25) as described by Feyder (’35) and 
another for the determination of nitrogen by the macro- 
Kjeldahl method. The determinations of calcium and phos- 
phorus were made on separate aliquots of tissue which were 
ashed by the usual procedure and dissolved in HOI. Phos- 
phorus was determined by the method of the Assodation of 
Official Agricultural Chemists ( ’25) which was found to give 
approximately the same values as the Youngburg and Young- 
burg method ( ’30). Calcium was determined by the method of 
McCrudden as described by Peters and Van Slyke (’25). The 
water content of the body was determined by drying aliquots 
of ground tissue to constant weight over P2O5 in an evacuated 
desiccator. Loss of water in preparing the tissues was reduced 
to a minimum by grinding the animals in a room saturated 
with water vapor. 


HESTJLTS 

The data on the calcium and phosphorus balance are given 
in table 1 and the results of the analyses of the rats in table 
2. Each value in the tables is an average obtained from seven 
experiments except where the males and females have been 
combined, in which case the averages were derived from 
fourteen experiments. As a general observation it may be 
stated that there were no sex differences discernible in the 
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results obtained from feeding the different rations except in 
body weight. 

A statistical analysis of the body constituents is presented 
in table 3. The significance of the average difference between 
litter mates was determined by calculating the value of t ac- 
cording to Fisher’s procedure (’28). To allow for the corre- 
lation between litter mates, t was determined by the formula 
on page 112 of Fisher’s manual. Since the various differences 
between the animals on the control ration and those on rations 
2 and 3 were of the same order for the males as for the 
females, the statistical analysis was made on the combined data 
for the two sexes. The probabilities of the differences ob- 
tained with different rations being a chance occurrence will 
hereafter be referred to as P. The values of P in the case of 
the body constituents are given in table 3. 

The intake of calcium and phosphorus subtracted from the 
amount found in the feces will be referred to for convenience 
as the amount absorbed. It is possible that a larger amount 
may have been absorbed than estimated in this way, which in 
turn was balanced by a correspondingly larger excretion by 
the intestinal wall, but for present descriptive purposes it is 
unnecessary to take this possibility into account. With an 
increase in the intake of approximately 7 and 10 gm., respec- 
tively, the animals on rations 2 and 3 absorbed only 0.3 and 
0.75 gm. more than those on the control diet. These increases 
in absorption though small were definitely significant in both 
cases as P was equal to 0.015 in the first instance and was less 
than 0.0003 in the second. With the small increase in ealeimn 
absorption on ration 2 there was a very small increase in the 
deposition of calcium which was not significant. On ration 
3, however, with a slightly larger increase in calcium absorp- 
tion there was also a slightly larger increase in deposition 
which, although small in absolute amoimt, was nevertheless 
significant. These results are in keeping with those of 
Whitcher, Booher and Sherman ( ’36) who found that with a 
phosphorus content of 0.42 to 0.43% in the diet, a graded in- 
crease in calcium from 0.43 to 1.04% did not bring about any 
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distinct increase in tlie rate of calcification in the body, but 
wben the pbospborus content was raised to 0.73% ^aded in- 
creases in calcium to 1.05% induced very small increases in 
calcification. In our experiments the calcium content of the 
control ration was 1.1% and of rations 2 and 3, 2.1 and 2.6% ; 
the phosphorus content of rations 2 and 3 was increased from 
0.5% in the control ration to 1.3 and 1.7%. 

Absorption of phosphorus on the different rations presents 
an entirely different picture than the absorption of calcium. 
On rations 2 and 3 with an increase of approximately 5.4 and 
8.0 gm. in the phosphorus intake there was a definite increase 
in absorption o.f approximately 3.5 and 4.7 gm. (table 1). 
Notwitihstanding this large increase in the absorption of 
phosphorus there was no significant change in the amount 
deposited in the body. Owing to the slight increase in calcium 
deposition without a corresponding increase in phosphorus, 
there was a slight rise in the Ca/P ratio of the body from 
2.p to 2.1. 

The percentage gain in the body weight taken after a 24- 
hour fast immediately before the animals were sacrificed is 
given in table 2. The males gained 436, 445 and 418% over 
their original weight on rations 1, 2 and 3, respectively, and 
the females 326, 336 and 323%. This order of percentage 
gains was the same when the weights were taken before the 
fast. The small differences that were found between the 
groups of litter mates was in no instance significant. Con- 
clusions drawm from these data, however, with regard to the 
effect of high calcium-phosphorus intake on body weight 
would be misleading for, as wdll be observed in table 2, the 
bodies of the animals on the high calcium-phosphorus diets 
contained a higher percentage of water and consequently a 
smaller amount of solid material than their controls. The 
average dry weight of the controls (males and females com- 
biaed) in absolute amounts was 4.9 and 11.2 gm. more than 
that of their litter mates on rations 2 and 3, respectively, the 
differences being definitely significant (table 3). In this 
connection it is of interest to note that the average water 
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intake over tire entire experiment on the three rations was 
1.17, 1.64, and 2.53 liters, respectively. 

The total amount of body protein was slightly different on 
the three rations hut these differences, as shown in table 3, 
were not significant. The fat content, however, paralleling 
the decrease in dry weight, was significantly smaller with the 
larger intake of calcium and phosphorus. On the control 
ration the bodies contained 4.2 and 10.1 gm. more fat than on 


TABLE 3 

Statistical analysis 

Comparison of hody constiiibents on rations 1 and 2 



CALCIUM 

PHOS- 

PHORUS 

DRY 

WEIGHT 

PAT 

PROTEIN 

Mean difference^ 

+0.06 

—0.010 

- 4.9 

— 4.2 

-0.7 

Standard deviation 

0.149 

0.166 

4.62 

4.8 

2.3 

Probability 

0.084 

0.43 

0.001 

0.003 

0.14 

Comparison of body constituents on rations 1 and 3 

Mean difference^ 

+0.17 

+0.03 

-11.2 

—10.1 

-0.2 

Standard deviation 

0.219 


4.6 

4.32 

3.1 

Probability 

0.008 

0.15 



0.39 

Comparison of body constituents on rations 2 and 3 

Mean difference® 

+0.11 

+0.04 

- 6.3 

- 5.9 

+0.5 

Standard deviation 

0.226 


6.2 

4.1 

2.4 

Probability 



0.001 




A 4* sign indicates a greater average content on ration 2 ; a — sign the reverse. 
® A + sign indicates a greater average content on ration 3 5 a — sign the reverse. 


rations 2 and 3 which was practically the same as the amounts 
by which the controls exceeded the other animals in dry 
weight, namely, 4.9 and 11.2 gm., respectively. It may be con- 
cluded therefore that the smaller dry weight was due to a 
diminution in the formation or deposition of fat. 

DISCUSSION 

Since a portion of the calcium which was absorbed in 
rations 2 and 3 in excess of the amount absorbed in the control 
ration was deposited in the body, the remainder of the excess 
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absorbed, or 0.26 and 0.60 gm., respectively, (combined aver- 
ages of males and females) must have been excreted in tbe 
urine. In tbe case of pbospboxus, with a large increase in 
absorption and no increase in deposition, all the excess ab- 
sorbed "which amounted to 3.52 and 4.74 gm. must have been 
excreted. 

Collection of the urine for analysis of calcium and phos- 
phorus presented insurmountable difficulties inasmuch as the 
small amount of food mixture invariably spilt by the animals 
would have dropped into the urine thereby "ntiating the re- 
sults. An approximation, however, of the total urinary excre- 
tion of calcium and phosphorus on the three rations through- 
out the experiment can be obtained by a few simple calcula- 
tions. From an analysis of three weanling male rats and three 
females of the same strain and approximately the same aver- 
age weight as of those used in these experiments, it was found 
that their bodies contained 0,28 gm. calcium and 0.18 gm. 
phosphorus. Subtraction of these values from the total 
calcium and phosphorus found in the animals at the conclusion 
of the experiment gave 2.11, 2.15 and 2.26 gm. calcium respec- 
tively, deposited by the animals on the three rations and 1.01, 
1.00 and 1.04 gm. phosphorus. The difference between the 
amount deposited and that absorbed (table 1) may be taken as 
the amount excreted in the urine. In the case of calcium this 
was found to be 0.07, 0.33 and 0.67 gm. respectively on the 
three rations and in the case of phosphorus 0.70, 4.23 and 5.41 
gm. There was therefore a marked difference between the 
urinary excretion of calcium and phosphorus. The average 
daily excretion of calcium was 4 and 8 mg., respectively, on 
rations 2 and 3 as compared "wdth 1 mg. on the control ration, 
while the daily phosphorus excretion on rations 2 and 3 rose 
from an average of 90 mg. on the control ration to 500 and 
675 mg., respectively. While these figures give an estimate 
of the relative amounts of calcium and phosphorus excreted 
daily by the kidneys, it should be noted that the actual daily 
excretion probably varied considerably from the averages 
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because of the variations at different periods of the experi- 
ment in the intake and rate of deposition in the body. 

The smaller amount of fat in the animals receiving a larger 
amount of the calcium and phosphorus than the controls was 
probably due in small part to an interference in absorption 
of the food material. An estimate of the amount of food that 
remained unabsorbed was obtained by subtracting the ash 
content of the feces from the total dry weight. In the case 
of the controls this amounted to an average of 30.7 gm. and 
for the animals on rations 2 and 3, 35.6 and 37.2 gm., respec- 
tively, or 4.9 and 6.5 gm. more than on the control ration. 
From the formulae proposed for the conversion of carbohy- 
drate into body fat (compare Eapport, ’30), it can be esti- 
mated that the food mixture that escaped absorption on 
rations 2 and 3 would have yielded less than 2 and 2.5 gm. fat, 
respectively, whereas the body fat on these two rations was 
4.2 and 10.1 less than on the control ration. The major por- 
tion of the differences in the fat content of the animals on the 
three rations must therefore have been due to factors other 
than differences in absorption of foodstuff, 

SUMMARY AND CONCLUSIONS 

When large amounts of calcium and phosphorus were added 
to the rations of albino rats practically all the excess calcium 
was recovered in the feces, whereas the phosphorus in the 
feces was considerably less than the excess intake. The kid- 
neys were therefore called upon to excrete very little more 
calcium but much more phosphorus than on the control ration. 

A small portion of the excess of absorbed calcium but none 
of the phosphorus was stored in the body. 

The percentage gain in body weight was not affected by 
the high calcium-phosphorus intake. The dry weight of the 
body, however, was definitely lower. 

The fat content of the body was significantly reduced by the 
increased intake of calcium and phosphorus. The diminution 
in the total fat and dry weight was approximately the same. 
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Both the fat and dry weight of the body showed a progressive 
decline with a progressive increase in the calcinm-phosphorns 
intake. 

The large amount of calcium and phosphorus interfered to 
a slight extent with the absorption of food material as shown 
by combustion of the feces. The effect on absorption, how- 
ever, could account only in a small degree for the diminution 
in the fat content of ihe body. 
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SIMULTANEOUS APPEAEANCE OF A POSITIVE LINE 
TEST AND EADIOACTIVE PHOSPHATE 
DEPOSITION IN THE EACHITIC 
EAT METAPHYSIS " 

KENNETH MOEGAEBIDGE * AND MAEIAN LsEEVEE MANLY* 
Department of Biochemistry and Pharmacology, School of Medicine and Dentistry 
and The Institute of Optics, University of Bochesier, New Yorls 

FOUR FIGURES AND ONE PIAO?® (FIVE FIGURES) 

(Eeceived for publication May 29, 1939) 


Artificially produced radioactive isotopes of several physio- 
logically importaut elements are proving of great value in 
studies of intermediary metabolism. This is especially true 
of the unstable isotope of phosphorus (P®®) as applied to 
studies of the calcification processes. Due to the high degree 
of biological standardization which has been achieved in the 
technic of assay for vitamin D, the rachitic rat, as prepared 
for this purpose, offers a very satisfactory tool for the in- 
vestigation of vitamin D action as traced by radioactive phos- 
phorus. Within the past year several preliminary reports of 
investigations of this type have appeared. Dels and his asso- 
ciates ( ’37, ’38 and ’38 a) at Amsterdam have reported that 
vitamin D appears to have no characteristic mode of action 
on the absorption or re-excretion of administered phosphorus 
in the gut of the rachitic rat. Neither were they able to detect 
any difference between normal and rachitic rats in the rate 

^ These data are taken from a portion of the material presented in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, University 
of Eochester, by Marian L. Manly. 

* Wisconsin Alumni Eesearch Foundation graduate fellow in, optics and bio- 
chemistry. 

®Eockefeller Assistant in isotope research. 
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of synthesis of phospholipid. Using rachitic chicks, they have 
fonnd that the phosphorus metabolisna of the bone as a whole 
is naore intense than that of normal birds. Furthermore, the 
radioactive phosphorus concentrated more rapidly in the 
epiphyses than in the diaphyses of the same bones. Very re- 
cently, Cohn and Glreenberg ( ’39) have reported, in abstract 
form, the results of experiments on rats from which they 
concluded: “The influence of vitamin D on the deposition of 
inorganic phosphorus in the bone of rachitic rats must be 
ascribed to a more direct effect than one merely resulting 
from an increased absorption. A specific effect of vitamin D 
on organic bone phosphorus and a specific role of this frac- 
tion in bone formation are indicated.” 

This paper constitutes one of a series from this laboratory 
employing radioactive phosphorus (P®^) for the investiga- 
tion of problems relating to the calcification of bones and 
teeth. 

EXPERIMENTAL 

Badioactive sodium phosphate.* A sample of Na 2 HP 04 con- 
taining radioactive phosphorus was dissolved in distilled 
water and made up to a convenient volume from which ali- 
quots were taken for further dilution to concentrations suit- 
able for administration to rats. 

Plan of procedure. Two series of young rachitic rats from 
our standardized vitamin D assay colony were used, the first 
consisting of 18, the second of 38 animals, making a total of 
56. They were distributed among the experimental and con- 
trol groups as shown in table 1. All animals received a single 
dose each of radioactive phosphorus (as NajHPOi) in 1.0 cc. 
of water by stomach tube. In series 1, the dose of phosphorus 
was 0.1 mg. and yielded 96,000 c.p.m.® at the time adminis- 
tered. In series 2, 0.2 mg. of phosphorus 3 delded 80,000 c.p.m. 
Vitamin D, as crystalline Da dissolved in propylene glycol, 
was also given by stomach tube at the same time as the phos- 

* The authors are indebted for this material to the Radiation Laboratory of the 
University of California. 

®Ck)Tints per minute (c.p.m.) as determined by our seale-of-four counters. 
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phoms. The amount of glycol solution was 0.2 ce. per rat and 
for series 1 contained 10 I.TJ. and for series 2, 15 I.U. per 
dose. At the time of the experiment, the animals averaged 
80 gm, in weight and 50 days of age and had been prepared 
by a period of 23 days on the rachitogenio diet 2965 of Steen- 
bock and Black (’25). 

Samples. At various times after dosing, as indicated in 
table 1, the animals were sacrificed by decapitation and the 


TABLE 1 

Deposition of radioactive phosphate in the rachitic rat metaphysis 



NUM- 
BER OF 
BATS 

POSE P 
AS 

NA2HPO4 

RADIO- 
AOTTVirff 
COUNTS PER 
MINUTE 

POSE OP 
VITA- 
MIN P 

AVERAGE PBACTION TOTAI* 
BADIOACTIVITT PER GRAM 

OP FRESH TISSUE 

Blood Biapliyses Metaphyees 

LINE 

TEST 

hours 


mg. 


LV. 

% 

% 

% 






Series 1 




2 

4 

0.1 

96,000 

10 

0.15 

1.31 

0.10 


4 

2 

0.1 

96,000 

10 

0.25 

1.58 

0.21 


8 

3 

0.1 

96,000 

10 

0.29 

2.26 

0.33 


12 

2 

0.1 

96,000 

10 

0.27 

2,27 

0.29 


24 

3 

0.1 

96,000 

10 

0.24 

3.10 

0.38 


92 

2 

0.1 

96,000 

10 

0.22 

3.46 

1.71 


92 

2 

0.1 

96,000 

None 

0.17 

3.10 

0.57 






Series 2 




2 

3 

0.2 

80,000 

15 

0.08 

0.81 

0.09 

— 

2 

1 

0.2 

80,000 

None 

0.19 

2.03 

0.20 

— 

5 

3 

0.2 

80,000 

15 

0.18 

1.68 

0.35 

— 

5 

2 

0.2 

80,000 

None 

0,18 

1.70 

0.28 

— 

8 

3 

0.2 

80,000 

15 

0.15 

1.23 

0.18 

— 

8 

2 

0.2 

80,000 

None 

0.21 

2.11 

0.29 

— 

12 

3 

0.2 

80,000 

15 

0.18 

1.53 

0.17 

— 

12 

2 

0.2 

80,000 

None 

0.25 

2.09 

0,38 

— 

24 

3 

0.2 

80,000 

15 

0.31 

2.71 

0.62 

— 

24 

2 

0.2 

80,000 

None 

0.27 

1.90 

0.50 

— 

54 

3 

0.2 

80,000 

15 

0.21 

2.01 

0.63 


54 

2 

0.2 

80,000 

None 

0.19 

2.30 

0.42 

— 

72 

2 

0.2 

80,000 

15 

0.22 

3.19 

2.46 


72 

2 

0.2 

80,000 

None 

0.24 

2.79 

0.66 

— 

96 

3 

0.2 

80,000 

15 

0.22 

2.31 

2.31 

+ + 

96 

2 

0.2 

80,000 

None 

0.15 

2.50 

0,55 

— 
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blood collected in a flask containing 0.2 cc. of saturated sodium 
citrate solution and weighed. Both tibias (with fibulas at- 
tached) were dissected out and slabs 1.5 to 2.0 mm. thick were 
sectioned longitudinally from the center of the bones in the 
plane of attachment between the tibia and fibula. The slabs 
were then stained with silver nitrate according to the stan- 
dard line test procedure and photographed. With the micro- 
jigsaw apparatus of Deakins and Manly (’39), a sample was 
cut from the metaphysis to include the area of new caloifica- 



Fig. 1 Diagrammatic drawing of tibial slab. A, B and C are epiphysis, meta- 
physis and diaphysis, respectively. D represents the area of new calcification 
shown by silver nitrate staining. The metaphyseal area within the dotted line 
was that cut out by the micro-jigsaw for determination of radioactive phosphorus 
content of newly deposited bone salt. 


tion (the ‘liae’) as illustrated by the drawing in figure 1. The 
weight of these blocks of metaphyseal cartilage averaged 
12 to 13 mg. Samples of tibial diaphysis (including the mar- 
row) were also taken. The two samples of metaphysis and 
diaphysis from each rat were pooled and weighed. All sam- 
ples, including blood, were dried on a hot plate, ashed in an 
electric oven at 500° 0. over night, the ash dissolved in con- 
centrated HNOs HOI, made up to 2.0 cc. volume and the 
radioactivity determined with a scale-of-four G-eiger-MuUer 
counter (Bale, Haven and LeFevre, ’39). The phosphorus in 
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the doses of NagHPO^ solution was determined in duplicate 
by the method of Holtz ( ’29). 

RESULTS 

To allow for small differences in body weight of the rats, 
all of the results were multiplied by the body weight and 
divided by 80 gm, (the approximate average of the group). 
Hence, the data are expressed as per cent of the total dose 
of radioactive P per gram of fresh tissue per 80 gm. rat. The 
average values for the rats of each time period for the three 
tissues studied are to be found in table 1. The data are also 
expressed graphically in figures 2, 3 and 4. 



Fig. 2 Showing the entrance of radioactive phosphorus into the blood after 
the administration of a single dose of Na^HPO* containing the P®® isotope. Note 
that vitamin B has no effect on the values found after either 0.1 or 0.2 mg. of P* 


Blood. The radioactive phosphorus in the blood (fig. 2) 
reaches a maximum of 0.27 % in less than 24 hours and de- 
creases slowly to 0.20% in 4 days. There is no apparent dif- 
ference between the amoimt of radioactive phosphorus in the 
blood of the rats fed vitamin D and that of the controls. 

Diaphyses. The radioactive phosphorus in the diaphyses 
(fig. 3) rises slowly to 2.5% in 24 hours and continues to rise 
throughout the experimental period. Again, there is no ap- 
parent difference between vitamin D-fed rats and controls. 
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Metaphyses. The values for the vitamin D rats and the 
controls both fall along the same line at 0.5% up to 54 hours 
(fig. 4). After 54 hours, however, the values for the vitamin 



Fig. 3 Showing the entrance of radioactive phosphorus into the diaphyseal 
shafts. Here also, vitamin D has no effect. 



Fig. 4 Showing the retention of radioactive phosphorus in the metaphyseal 
cartilage. Note that at 72 hours the values in the vitamin D fed rats are sig- 
nificantly higher than those of the controls. 


D-fed rats rise above 2.0% while the controls remain at the 
0.5% level. The average degree of healing produced by vita- 
min D in series 2 is indicated in the last column of table 1. 
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These results show that the development of the ‘line’ of new 
calcification in the rachitic metaphysis occurs concomitantly 
with the entrance of the radioactive phosphorus into tHs area. 

DISCUSSION 

Almost nothing is known concerning the metabolic processes 
by means of which vitamin D mediates the formation of new 
bone salt in the rachitic animal. Various theories have been 
proposed among which that of Harris and his associates ( ’31 
and ’32) has probably been most widely cited. These workers 
believed that the chief function of vitamin D is to increase 
the “net absorption of calcium and/or phosphorus” from 
the gut. Nicolaysen, in a series of papers appearing in 1937 
(’36 and ’37 a), indicated that the infiuenee of vitamin D is 
on absorption of calcium and that it has very little effect on 
the absorption of phosphorus. However, in the same year, 
Nicolaysen (’37) further showed that rachitic rats on the 
2965 diet absorb about twice their daily requirement of cal- 
cimn and only about 30% of their phosphorus needs. As 
pointed out by Morgareidge and O’Brien ( ’38), these findings 
do not support the calcium absorption theory of vitamin D 
action, at least for low-phosphorus rickets in the rat. That 
the rat is peculiar in its ability to adjust its mineral economy 
to a normal level when deprived of vitamin D, provided the 
intake of calcium and phosphorus remains within normal 
limits, is a fact that has been emphasized by many investiga- 
tors. Nevertheless, O’Brien and Morgareidge (’39) have 
shown that small doses of vitamin D are very effective in in- 
creasing the efficiency with which additional phosphorus is 
utilized by the rachitic rat on the 2965 diet. If, therefore, the 
observations of Nicolaysen and others are correct that phos- 
phorus absorption from the gut is independent of vitamin D, 
the conclusion that this vitamin plays an important role in 
the intermediary metabolism of the bone forming elements 
must be seriously considered. In this connection, we feel that 
the experiments with radioactive phosphorus reported in the 
present paper are significant. 
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In interpreting these results, it is to be emphasized that the 
total amount of phosphorus actually administered was only 
0.1 to 0.2 mg., an amount too small to constitute a factor per 
se in the healing of rickets, yet, the high content of the radio- 
active isotope in the sample (80,000 c.p.m. per dose) made 
the tracing of the tagged phosphorus relatively easy. 

Of major interest is the finding that vitamin D had no effect 
on the entrance of phosphorus into the blood or into the tibial 
diaphysis. The values found are iu general agreement with 
those previously reported from this laboratory (Manly and 
Bale, ’39). In the rachitic metaphyses, however, the effect 
of vitamin I) is clearly seen. The entrance of phosphorus into 
this structure corresponds almost exactly with the appear- 
ance of the ‘line’ produced by silver nitrate staining in those 
animals which had received a single dose of the vitamin some 
54 or more hours previously. In the metaphyses of the con- 
trol animals the ‘line’ did not appear nor did the content of 
radioactive phosphorus increase. We feel that such evidence 
lends definite support to the conclusion that vitamin D has 
for at least one of its actions, a direct infiuence on the metabo- 
lic factors controlling calcification. This is in contradistinc- 
tion to any possible role it may play in intestinal absorption. 

The fact that from 54 to 72 hours must elapse between ad- 
ministering the vitamin and the entrance of phosphorus into 
the fixed bone salt which is responsible for the line test may 
be taken as additional evidence that mere absorption is not 
the limiting factor. Kramer, Shear and Siegel ( ’31) showed 
that simple addition of phosphorus to the 2965 diet may re- 
sult in the inception of healing in rachitic rats in as short a 
time as 12 hours. T!he inference is, therefore, that under the 
conditions described here, the time interval between adminis- 
tration of the vitamin and the beginning of new calcification 
is that required for the metabolic action of vitamin D to 
mobilize the phosphorus required for the healing process. 
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SUMMAET 

Following a single dose of Na 2 HP 04 containing the radio- 
active isotope (P*®) accompanied by a single dose of vitamin 
D 2 , determinations have been made of the radioactive phos- 
phorus content of whole blood and of the tibial diaphysis and 
metaphysis of rachitic rats. The data show that vitamin D 
has no influence on the entrance of phosphorus into the blood 
or into the diaphyseal portion of the tibia. In the metaphysis, 
however, the healing produced by the vitamin (as shown by 
the appearance of a positive line test) occurs concomitantly 
with a significant increase in the content of radioactive phos- 
phorus. These effects in the metaphysis are seen only after 
the elapse of 54 to 72 hours subsequent to the administration 
of the vitamin. It is pointed out that the results support the 
conclusion that the mode of action of vitamin D is not limited 
to the control of intestinal absorption of the elements con- 
cerned in calcification. 
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PLATE 1 

EXPLANATION OP FIGURES 

1, 2, and 3 Left and right tibial slabs stained with silver nitrate 96 hours 
after the administration of 15 LIT. of vitamin D^ and 0.2 mg. of phosphorus 
(as Na 3 HP 04 ) containing radioactive P“ corresponding to a total of 80,000 e.p.m. 
Per cent of total radioactivity per gram of fresh metaphyseal cartilage was 1.2, 
2.6 and 3.1, respectively, for the three rats. The intensity of the }ine of new 
calcification increases with increasing content of the radioactive isotope. 

4 and 5 Tihial slabs from two 96-hour control rats which received the same 
dose of phosphorus but no vitamin D. Note absence of healing. Per cent of total 
dose of radioactivity per gram of metaphyseal cartilage in these two rats was 
0.75 and 0.35, respectively. 
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THE EFFECT OF HEAT AND SOLVENTS ON THE 
NUTEITIVE VALUE OF SOYBEAN PROTEIN ^ 

L. MARGARET JOHNSON, HELEN T. PARSONS AND HARRY STEENBOCK 

Departments of Some Economics and Biochemistry y College of Agriculturey 
University of Wisconsin, Madison 

(Received for publication May 17, 1939) 

Eeviewing the literature on the effect of heat on the nutri- 
tive value of proteins, Morris (’37) made the statement that 
‘‘in view of the mass of contradictory evidence further con- 
firmation of the work of Hayward seems essential.” Morris 
was referring to the observations made on meat protein 
(Morgan and Kern, ’34), casein (Greaves and Morgan, ’34 j 
Block, Jones and Gersdorff, ’34), and skim milk powders 
(Fairbanks and Mitchell, ’35) confirmed by other studies 
which revealed that the nutritive value of the proteins had 
been lowered by heat. This was in contrast to the demonstra- 
tion of Hayward, Steenbock and Bohstedt (’36 a) that the 
proteins of expeller and hydraulic soybean oil meals prepared 
at high temperatures were nutritionally superior to those 
prepared at low temperatures. Later Wilgus, Norris and 
Heuser (’36) working with chicks at Cornell reported that 
solvent soybean oil meal was superior to the high tempera- 
ture expeller and hydraulic soybean oil meals. They sug- 
gested that since the temperature used in the solvent process 
was considerably lower than that used in the preparation of 
the expeller and hydraulic meals, a factor other than tem- 
perature was responsible for the difference. 

The question arose as to whether treatment with certain 
fat solvents could alter the protein molecule of the soybean 

‘Published with the approval of the director of the Wisconsia Agricultural 
Experiment Station. 
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SO as to make it more available inasmuch as results obtained 
by Mashino (’29) and Kajizuka (’35) had suggested such a 
possibility. 

Other investigators have given consideration to the re- 
moval of hypothetical toxic factors by solvents or their de- 
struction by heat. Osborne and Mendel ( ’17), who studied the 
nutritive value of soybeans as early as 1917, stated that “evi- 
dently there is nothing toxic in the raw meal, for none of the 
rats which ate it died.” Waterman and Johns (’21) reported 
that the increased digestion of phaseolin after heating was 
due to the “loss of a protein toxicity or the destruction of an 
associated toxic substance.” Shrewsbury and co-workers 
(’32) observed that cooking increased the digestibility of the 
soybeans only slightly. Their theory was that heating caused 
the removal or destruction of certain materials of a toxic 
nature. 

Since Hayward, Steenbock and Bohstedt ( ’36 a and b) had 
shown that heated soybeans had a higher biological value than 
raw soybeans and that cystine additions to raw soybeans in- 
creased the amount of nitrogen retained, it appeared desirable 
to obtain data on sulfur balances as well. 

EXPEEIMENTAL 

The soybeans used were of the Illini variety harvested in 
1934. From these special expeller soybean meals were pre- 
pared in commercial plants and autoclaved and solvent treated 
samples were prepared in the laboratory. The expeller soy- 
bean meal used for our feeding trials had been exposed to 
the comparatively high temperature of 150° C. This was 
chosen in preference to others prepared at a lower tempera- 
ture since soybean meal processed at such a high temperature 
had been found to have the highest biological value (Hay- 
ward, Steenbock and Bohstedt, ’36 a). The autoclaved soy- 
bean preparations were prepared as described by Hayward, 
Steenbock and Bohstedt ( ’36 a) by autoclaving them for li 
hours at 17 pounds pressure. 
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The solvents used for the extraction of the soybeans were 
commercial petroleum ether, hexane and a mixture of ninety 
parts of hexane and ten parts of methanol. The solvent 
treated soybeans were prepared as follows: ground soybean 
and solvent were poured alternately into a percolator and 
then stirred. Small amounts of each were added until 2 kg. 
of soybeans had been used. The extraction was continued 
over night at room temperature. The solvent was then drained 
off slowly in 3 to 4 hours. Four extractions were made. For 
the first two extractions 2 to 2i liters of solvent were used; 
for the later extractions 1 to li liters. 

The soybean residue was freed from most of the solvent in 
2 hours with frequent stirring before an electric fan. Finally 
it was exposed in shallow trays to the air over night. The 
solvent was removed from the oil at room temperature with 
nitrogen under reduced pressure. 

The soybean residues and oils were fed in the following 
combinations : a) residue plus oil prepared at room tempera- 
ture, and b) residue and oil autoclaved together at 17 pounds 
pressure for hours. The composition of the rations in 
which these were fed was as follows : solvent treated soybeans 
46 parts, cod liver oil 2 parts, salt mixture (Steenbock and 
Nelson, ’23) 4 parts and cooked starch 48 parts. The raw or 
autoclaved soybeans were fed in the following ration: soy- 
beans 45, cod liver oil 2, salt mixture 4 and cooked starch 49. 
In the soybean oil meal ration thirty-eight parts of the meal 
were mixed with eight parts of soybean oil so as to equal the 
ratio in which they occur in the raw soybean. The protein 
was fed at a level of 18%. To insure that most of the sulfur 
came from the soybeans, sulfates were omitted from the salt 
mixture. 


Routine care of animals 

The daily food allowances, weighed to centigrams, were fed 
to the rats at approximately the same time of day. The maxi- 
mum level of equalized food intake was determined by a pre- 
liminary feeding period of 3 to 5 days. During the experi- 
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mental periods of 4 to 7 days all rats in a group consumed 
the same amount of food. They "were weighed at the begin- 
ning and end of each preliminary and experimental period. 

Description of metabolism cages and care of excreta 

The rats were quartered in individual metabolism cages of 
glass cylinders, 9 inches in diameter, resting on screens over 
glass funnels, 10 inches in diameter and 14 inches high. The 
separation of the feces from the urine was accomplished by 
allo"wing the feces to collect in an antiseptic chamber contain- 
ing blotting paper soaked in formaldehyde as the urine flowed 
over a glass bulb through a small funnel to a collecting flask 
containing toluene. The receivers were emptied daily into 
storage flasks and rinsed with distilled water. In the experi- 
ments for the determination of sulfur distribution in the urine, 
the filtered urine preserved "with toluene was stored at 5°C. 
In groups 1 and 2 sulfur was determined on the urine of each 
rat for each period (table 2). In the other groups it was de- 
termined on composite samples from four rats for each period 
(table 1). 

To prevent loss of sulfur the feces were treated with 10 ec. 
of 2fo copper acetate (Outhbertson and Turnbull, ’34) in 50 
cc. Erlenmeyer flasks. They were then dried first on a sand 
bath at 80 to lOO^C. and then in an oven at 100°C. until con- 
stant in weight. Analyses for sulfur were made on ground 
samples composited the same as the urine samples. 

When nitrogen was determined on the urine and the feces, 
10 ec. of 2% H3PO4 were added to the storage flasks. Analy- 
ses for nitrogen were made on separate composites of urine 
and of feces from the four rats in the group for each period. 

Methods of analyses 

Total sulfur of the rations and feces was determined by 
sodium peroxide fusion. The fat of the ration was extracted 
with anhydrous ether before analysis to prevent foaming 
during fusion. This was permissible because analysis of soy- 
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bean oil revealed the presence of only traces of sulfur, viz,, 

0 . 01 %. 

Total sulfur of the urine was determined by the Benedict- 
Denis method ( ’09, ’10) ; and combined inorganic and ethereal 
sulfur by Folin’s methods (Folin, ’05, ’06). Ethereal and 
neutral sulfur were obtained by difference. 

Results 

Table 1 contains the results of the sulfur balances of the 
heated and raw soybeans and of the soybeans treated with 
the various solvents. The sulfur was found to have been ab- 
sorbed to the same degree on all the rations, with an average 
coefficient of digestibility of 63.0%. The retention of sulfur, 
on the contrary, varied greatly. The amotmt retained on the 
heated soybean rations, viz., commercial soybean meal and 
soybeans autoclaved in the laboratory ranged from 30.3 to 
44.7% of the intake, the average being 40.1%; on the raw 
soybean rations, 12.0 to 23.1% with an average of 16.6%. 

With the solvent-treated soybean prepared at room tem- 
perature, more sulfur was retained from rations in which the 
residues and oil from these had been autoclaved together 
than from rations in which they were fed together with no 
heat treatment. In the former the sulfur retention averaged 
50.1%, in the latter 20.5. Apparently the solvent itself had 
no beneficial effect. 

In table 2 are ^ven the amormts of total sulfur excreted 
in the urine by individual rats for periods of 4 days. All rats 
eliminated less sulfur on the heated than on the raw soybean 
ration. Collectively, groups 1 and 2 of four animals each on 
raw soybeans excreted 34.5 and 30.6% more sulfur in the 
urine than those receiving the heated soybeans. For groups 
3 to 7 inclusive the same relations are seen; a higher percent- 
age of sulfur was excreted in the urine on the unheated than 
on the autoclaved soybeans (table 1). In table 3 are given 
the results on nitrogen balances. These show that on heated 
soybeans the rats retained about 2.5 times as much sulfur 
and about 1.8 times as much nitrogen as on the raw soybeans. 
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TABLE 2 


Urinary sulfur of individual rats in 4-day periods 


GEOUP ^ 

EAT 

WEIGHT 
OP EATS 

PERIOD 
OF 4 
DAYS 

SOYBEAN OIL MEAL 
< EXPELLEE 16 0 ® 0. ) 

PERIOD 2 
OF 4 
DAYS 

WHOLE SOYBEAN, 
EAW 

Pood 

consumed 

Sulfur 
in urine 

Pood 

consumed 

Sulfur 
in urine 


no. 

gm. 

no. 

grti. 

gm. 

no. 

gm. 

gm. 

1 

1 

96 

1 

24 

0.016 

2 

24 

0.021 


2 

97 


24 

0.013 


24 

0.018 


3 

100 


24 

0.015 


24 

0.020 


4 

95 


24 

0.014 


24 

0.019 

Total 




96 

0.058 


96 

0.078 

2 

5 

114 

2 

24 

0.016 

1 

24 

0.020 


6 

102 


19 

0.013 


22.5 

0.020 


7 

112 


24 

0.019 


24 

0.023 


8 

112 


19 

0.014 


22.5 

0.018 

Total 




86 

0.062 


93 

0.081 


^In groups 1 and 2 sulfur was determined on the urine of each rat for each 
period of 4 days. 

* The sequence of periods 1 and 2 was reversed for group 2. 


TABLE 3 

Sulfur and nitrogen absorbed and retained on heated versus raw soybean diets 

Group S 


FOOD 
CON- 1 
SUMED 

1 IN RATION 

BXCEETED 

ABSORBED 

1 RETAINED 

Per 

cent 

Weight 

Peces 

Urine 

Weight 

Per 

cent 

Weight 

Per 

cent 


Sulfur ‘ 


Soybean, oil meal 

gm. 

% 

gm. 

gm. 

gm. 

gm. 

% 

gm. 

Vo 

(expeller — 150 ®C.) 

86 

0.160 

0.137 

0.048 

0.062 

0.089 

64.2 

0.027 

30.3 

Whole soybean raw 

93 

0.167 

0.155 

0.063 

0.081 

0.092 

59.4 

0.011 

12.0 


Nitrogen ^ 


Soybean oil meal 
(expeller— 150^0.) 

86 

2.57 

2.20 

0.455 

1.172 

1.745 

79.3 

0.573 

32.8 

Whole soybean raw 

93 

2.86 

2.66 

0.661 

1.645 

1.999 

75.1 

0.354 

17.7 


^ All figures represent the composites of four rats in a group for a period of 
4 days. 
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Since more urinary snlfur was excreted on the raw soy- 
bean ration than on the heated, the distribution of sulfnr in 
the nrine was of interest. If the sulfur-containing fraction 
of the protein of the raw soybean was not available because 
of its conjugation with some toxic factor, then it was possible 
that an increase in the neutral sulfur would have occurred 
with a corresponding decrease in the ethereal and inorganic 
sulfur forms. Four male rats 12 weeks of age and averaging 
212 gm. in weight were used to determine this. 


TABLE 4 


Distri'b'iition of urinary sulfur on diets containing heated and raw soybeans 


■ 






SUIiEUE 

3 





■ 



In ration 

Urine 

Relation to total 


WEIGHT 03 
EATS 

5 0 

o 

§g 

g 

(k 

i 

1 

Total 

Inorganic 

Xnorganio 

and 

ethereal 

Ethereal 

Neutral 

o 

‘3 

e8 

O 

5 

'3 

CO 

s 

s 

*3 


Whole soybean, raw 




ffm. 

gm. 

% 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

% 

% 

% 

8 

1 

224 

126 



12^ 



ISBiUi 

PTOIil 

64.8 

10.1 

25.1 


Soybean oil meal (expeller — 150 ®C.) 


2 1 

212 

I 

1 0.160 1 0.206 1 0.133 | 0.082 ( 0.097 1 0.015 

0.036 j62.3 

|ll.3 


^ Group 8 had four male rats approximately 12 weeks of age. 

* Period consisted of 5 days. 

® All figures represent the composites of four rats in a group for each period. 


The composition of the rations, the routine care of the ani- 
mals, the metabolism cages and methods of analyses have 
already been described. Table 4 shows the inorganic, ethereal 
and neutral sulfur excreted in relation to the total. The re- 
sults of the sulfur balance studies of these adult rats are not 
presented since the coefficients of digestibility on the heated 
and raw soybeans were similar to those of the young animals. 

DISOTJSSION 

Some workers (Mitchell and Smuts, ’32; Shrewsbury and 
Bratzler, ’33) have contended that soybeans are deficient in 
cystine. They based their conclusion upon the observation 
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that ether extracted soybeans plus cystine produced a greater 
increase in the weight of animals than unsupplemented soy- 
beans. Both the ether extracted soybeans and the unsupple- 
mented soybeans were fed unheated. 

Csonka and Jones (’34), on the other hand, stated that 
“The analytical data do not support the idea of a quantita- 
tive deficiency of cystine ia soybean proteins, but they do 
admit the possibility of a qualitative deficiency due to low 
availability of amino acids when the raw meal is fed, par- 
ticularly when soybeans containing the lower cystine values 
are used.” 

Osborne and Mendel ( ’17) pointed out that heat improved 
the nutritive value of the soybean. Extracting the soybean 
with ether failed to increase its biological value. CooMng the 
soybean made it more palatable than the raw. In this manner 
the increased food consumption resulted in a better gain. 
Vestal and Shrewsbury (’32) concluded from metabolism 
studies that improved growth on cooked or roasted soybeans 
was due to an increase in food consumption and a slight in- 
crease in the digestibility of nitrogen. 

Hayward, Steenbock and Bohstedt ( ’36 a) found that cys- 
tine supplemented the raw soybean but failed to cause any 
improvement with the heated soybean. Prom both growth 
studies and nitrogen balance experiments it was concluded 
that heat was the factor which caused the protein to be well 
utilized by the animal. 

In the present study the observation that heat improved 
the nutritive value of the soybean was confirmed. Sulfur 
metabolism studies showed clearly that the digestibility of 
the protein was approximately the same for the raw and 
heated soybean. The difference lay in the availability of the 
products of protein digestion. Less urinary sulfur was ex- 
creted on the heated soybean than on the raw, therefore more 
was retained. 

The results on the soybeans treated with various solvents 
are contrary to those of others (Wilgus, Norris and Heuser, 
’36; Mashino, ’29; Kajizuka, ’35). These investigators be- 
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lieved that the action of the solvent itself was the factor 
which increased the biological value of the protein. However, 
the Cornell workers used commercial solvent soybean oil meal 
which had been exposed to a temperature of 98° 0. for 15 
minutes and to temperatures of 45 to 78°C. for an unspecified 
period. The Japanese workers did not report their tempera- 
tures. In our preparations the soybeans were extracted at 
room temperature, approximately 20 to 25 °C., and the solvent 
was removed from the oil at the same temperature. There- 
fore, heat can be excluded as a determining factor in our 
laboratory preparations. Heat was applied only after the oil 
had been extracted from the soybean to permit comparing 
the effect of solvents alone and of solvents plus heat. 

The percentage distribution of urinary sulfur, with respect 
to the inorganic, ethereal and neutral forms, was the same 
for heated and raw soybeans. However, in comparing the 
actual amounts of the different forms of sulfur excreted on 
the two diets, it is seen that a decrease in the excretion of 
total, inorganic, ethereal and neutral sulfur occurred on 
changing to the heated diet. 

STJMMAET 

Sulfur and nitrogen balances on rats confirmed previous 
findings that the nutritive value of soybean protein is im- 
proved by heat. The claim that treatment with certain sol- 
vents such as hexane and methanol have a similar effect was 
not substantiated. It appears that soybeans contain a S and 
N containing complex which is absorbable but cannot be used 
for tissue budding purposes. Heating the soybeans makes it 
available. 


LITEEATUEE CITED 

Benedict, S. R. 1909 The estimation of total sulphur in urine. J. Biol. Chem., 
vol. 6, p. 363. 

Block, R. J., B. B. Jones and 0. E. F. Gersdoeee 1934 The effect of dry 
heat and dilute alkali on the lysine content of casein. J. Biol. Chem., 
vol. 105, p. 667. 



HEAT AND SOLVENTS ON SOYBEAN PEOTEIN 


433 


CsONKA, P. A., AND D, B. JoNES 1934 The cystine, tryptophane and tyrosine 
content of the soybean. J, Agr. Bes., voL 49, p. 279. 

Oxtthbebtson, D. P. 1931 The distribution of nitrogen and sulphur in the 
urine during conditions of increased catabolism. Bioehem. J., vol. 25, 
p. 236, 

CUTHBEJRTSON, D. P., AND A. K. TuRNBiTLiD 1934 Note ou the loss of nitrogen 
and sulphur on drying faeces. Bioehem. J., vol. 28, p. 837. 

Denis, W. 1910 The determination of total sulfur iu urine. J. Biol. Chem., 
vol. 8, p. 401. 

Fairbanks, B. W., and H. H. Mitcjeelii 1935 The nutritive value of skim- 
milk powders, with special reference to the sensitivity of milk proteins 
to heat. J. Agr. Ees., vol. 51, p. 1107. 

Folin, 0. 1905 Laws governing the chemical composition of urine. Am. J. 
Physiol., vol. 13, p. 66. 

1905-1906 On sulphate and sulphur determinations. J. Biol. Ohem., 

vol. 1, p. 131. 

Greaves, E. O., and A. F. Morgan 1934 Nutritive value of raw and heated 
casein with an without added amino-acids. Proe. Soc. Exp. Biol, and 
Med., vol. 31, p. 506. 

Hatwabd, j. W., H. Steenbock and G. Bohstbdt 1936 a The effect of heat 
as used in the extraction of soybean oil upon the nutritive value of 
the protein of soybean oil meal. J. Nutrition, vol. 11, p. 219. 

1936 b The effect of cystine and casein supplements upon the 

nutritive value of the protein of raw and heated soybeans. J. Nutri- 
tion, vol. 12, p. 275, 

Kajizijka, S. 1935 The nutritive value of soybean powder treated with meth- 
anol. J. Soc. Chem. Ind., Japan, vol. 38, p. 745B. The nutritive value 
of soybean oil treated with methanol. Ibid., vol. 38, p. 746B. The 
toxicity of methanol. Ibid., vol. 38, p. 746B. 

Lewis, H. B. 1924 Sulfur metabolism. Physiol. Bev., vol. 4, p. 394. 

Mashino, M. 1929 Studies on the improvement of soybean oil extraction. J. 
Soc. Chem. Ind., Japan, vol. 32, p. 256B. 

Mitcheli*, H. H., and D. B. Smuts 1932 The amino acid deficiencies of beef, 
wheat, corn, oats and soybeans for growth in the white rat. J. Biol. 
Chem., vol. 95, p. 263. 

Morgan, A. F., and G. E. Keesn 1934 The effect of heat upon the biological 
value of meat protein. J. Nutrition, vol. 7, p. 367. 

Morris, S. 1937 Biennial reviews of the progress of dairy science. Section A. 

Physiology of dairy cattle. II. Nutrition. J. Dairy Ees., vol. 8, p. 119. 

Osborne, T. B., and L. B. Mendel 1917 The use of soybean as food. J. Biol. 
Chem., vol. 32, p. 369. 

Shrewsbury, C. L., and J. W. Bratzler 1933 Cystine deficiency of soybean 
protein at various levels in a purified ration and as a supplement to 
corn. J. Agr. Bes., vol. 47, p. 889. 



434 L. M. JOHNSON, H, T. PAESONS AND H. STEENBOOK 

SHKESwsBtTET, C. L., C. M. VESTAL AND S. M. Hauge 1932 The effeet of yeast 
and casein supplements to corn and soybean rations when fed to rats 
and swine. J. Agr. Ees., vol. 44, p. 267. 

Stoesenbock, H., E. M. NBJbSON 1923 Fat soluble vitamine. XIII. Light 
in its relation to ophthalmia and growth. J. Biol. Chem., vol. 56, p. 355. 

Vestal, C. M., ani> 0. L. SHREfWSBUEY 1932 The nutritive value of soybeans 
with preliminary observations on the quality of pork produced. Proe. 
Am. Soc. Animal Production, p. 127. 

Waterman, H. C., and C. O. Johns 1921 Studies on the digestibility of pro- 
teins in vitro. I. The effeet of cooking on the digestibility of phaseolin. 
J. Biol. Chem., vol. 46, p. 9. 

WiLGUS, B[. S., L. 0. Norris and G-. P. Heuser 1936 Effect of heat on nutri- 
tive value of soybean oil meal. J. Ind. Eng. Chem., vol. 28, p. 586, 



THE SYNTHESIS OF PAT FROM PROTEIN 
BY THE ALBINO RAT 


RALPH HOAGLAND AND GEORGE G. SNIDER 

BiocJiemic Division, Bureau of Annual Industry, United Stales Department of 
Agriculture, Beltsvtlle, Maryland 

(Eeeeived for publication June 27, 1939) 


Whether protein may he transformed into fat by higher ani- 
mals has long been a question of iiarticular interest to students 
of nutrition. The generally accepted view has been that such 
a transformation may take place. Protein and certain amino 
acids yield considerable proportions of dextrose when fed 
to diabetics or to animals which have been depanereatized or 
treated with phlorizin. Since dextrose from other sources 
is readily changed into fat in the animal body, it is reason- 
able to expect that dextrose derived from protein also may be 
so transformed. However, Longenecker (’39) appears to 
have been the first to present direct experimental Evidence 
that normal higher animals can synthesize fat from protein. 
In his experiments, male albino rats were grown on an ade- 
quate stock diet to Aveights of about 260 gm. They were next 
fasted until they had lost 27 to 28% in Aveight. The carcasses 
of some, after rejection of certain portions, Avere then analyzed 
for fat content. The remaining rats Avere transferred to a 
high-protein ration until they had practically recovered their 
former weights, at which time their carcasses AA^ere similarly 
analyzed for fat content. Longenecker reported that more 
than one-third of the gain in AA’^eight of the second group Avas 
due to the deposition of fat, a quantity representing tAventy to 
thirty times the amount of lipids contained in the total ration 
consumed during the refeeding period. 
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The present writers had completed the experiments herein 
described and had practically completed their descriptive 
manuscript before Longenecker’s paper appeared. Though 
their results now become merely corroborative, nevertheless 
the data are of interest because the problem was attacked by 
a method which differed in some details from that employed 
by Longenecker. The purpose of the present experiments was 
to determine whether young albino rats could materially in- 
crease their store of fat when fed a diet consisting chiefly of 
casein and practically free from fat and carbohydrates. 

PREPARATION OF DIET 

The fat- and carbohydrate-free diet contained purified 
casein, 94% ; yeast vitamins, 2% ; salt mixture, 4% ; plus vita- 
mins A and D equivalent to 2% of cod liver oil, added in the 
form of an ether extract of the saponified oil. The ingredients 
were prepared as follows : 

Commercial casein was extracted with ethyl ether by perco- 
lation until practically free from ether extract and was then 
treated with successive portions of boiling 95% alcohol on a 
steam bath until practically free from alcoliol-soluble 
material. Analysis of the purified casein by digestion with 
30% potassium hydroxide solution, acidification, and extrac- 
tion with loetroleum ether showed practically no fatty acids. 
Water-soluble vitamins were supplied in the form of com- 
mercial concentrate from brewers’ yeast, which yielded only 
a trace of fatty acids when analyzed by the above method. 
Reducing sugar was not found in either the casein or the 
yeast vitamins. The salt mixture was that regularly employed 
in feeding experiments with rats in this laboratory. 

DETERMINATION OF TOTAL PATTY ACIDS IN RATS 

Each entire carcass was frozen hard at — 9°C., chopped into 
pieces, and passed several times through a meat grinder. Ap- 
proximately 10 gm. of the ground material was weighed into 
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a 150-cc. beaker, 40 ce. of 30% potassium hydroxide solution 
was added, and the mixture was heated on a steam bath until 
the soft tissues were dissolved. Ethyl alcohol was added and 
heating was continued until saponification was completed. 
The material was transferred to a separatory funnel and 
acidified with hydrochloric acid. When cool, the mixture was 
extracted with two successive 100 ec. portions of petroleum 
ether. The ether extract was washed with successive portions 
of water until free from hydrochloric acid, transferred to an 
Erlenmeyer flask and the ether was expelled on a steam bath. 
The fatty acids were dried to constant weight at 100° C. 

FEEDING EXPEEIMENTS 

Two closely similar male albino rats were selected from 
each of seven litters. One rat of each litter pair was chloro- 
formed at the begiiming of the experiment, frozen, ground, 
and analyzed for total fatty acid, with inclusion of intestinal 
contents. The other rat of each pair was fed the fat- and 
carbohydrate-free diet for 60 days and was then likewise 
chloroformed, frozen and analyzed for total fatty acid. Dur- 
ing the feeding period each rat was kept in an individual cage 
with a raised screen bottom, and was supplied with feed in 
a self-feeder, as well as with water. The rats were weighed 
twice weekly and the quantity of feed eaten was recorded. 
The results of this experiment are shown in table 1 and for 
comparison the results obtained with a group of rats fed a diet 
containing 5% of lard are included. 

All rats fed the fat- and carbohydrate-free diet developed 
pronounced symptoms of linoleic acid deficiency before the 
end of the experiment, the first symptom appearing after 
about 30 days. All these rats grew very slowly and appeared 
poorly nourished. Table 1 shows that the rats fed the fat- and 
carbohydrate-free diet made an average daily gain in weight 
of only approximately 1 gm. as compared with a gain of 3.8 
gm. by the rats fed the diet containing 5% lard. The latter 
group of rats also utilized their feed much more efficiently. 
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TABLE 1 


CrTOwth in eo days of male rats fed a fat- and carhohydrate-free diet compared 
with growth of male rats fed a diet containing lard and dextrose 


DESCRIPTION 

OP DIET 

BAT 

NO. 

LITTES. 

NO. 

INITIAL 

WEIGHT 

GAIN IN 
WEIGHT 

FE'En 

CON* 

SUMED 

ENERGY 

INTAKE 

GAIN IN 
WEIGHT 
PER 

100 OAli. 

Ingredient 

% 



gm. 

gm. 

gm. 

Ocd. 

gm. 

Casein 

94 

2 

600 

45 

89 

443 

1595 

5.58 

Yeast vitamins 

2 

4 

64B 

39 

47 

360 

1296 

3.63 

Salt mixture 

4 

6 

66A 

45 

64 

368 

1325 

4.83 

Vitamins A, D 

Added 

8 

67B 

40 

40 

352 

1267 

3.16 



10 

67D 

40 

83 

476 

1714 

4.84 



12 

70A 

44 

73 

447 

1609 

4.54 



14 

700 

41 

73 

45S 

1638 

4.46 

Average 




42 

67 

414 

1493 

4.43 

Eefined lard 

5.0 

1359A 

590 

39 

171 

679 

2444 

7.00 

Casein 

20.0 

1359B 

61B 

40 

258 

864 

3110 

8.30 

Yeast vitamins 

2.0 

13590 

62A 

40 

247 

833 

2999 

8.24 

Salt mixture 

4.3 

1359B 

62B 

39 

251 

870 

3132 

8.01 

Bextrose 

68.7 

1359E 

630 

43 

210 

769 

2768 

7.59 

Vitamins A, B 

Added 

1359F 

64C 

40 

229 

838 

3017 

7.59 



1359G 

65B 

38 

231 

839 

3020 1 

7.65 



1359H 

66B 

38 

233 

790 

2844 

8.19 

Average 




40 

229 

810 

2917 

7.82 


STORAGE OE FATTY ACIDS BY EATS FED A FAT- AND 
CARBOHYDRATE-FREE DIET 

In table 2 is sbo'wn the total quantity of fatty acids in the 
carcass of each rat at the end of the 60-day experiment in 
comparison with the quantity present in its litter mate at the 
beginning of the experiment, correlation being made for dif- 
ferences in the initial weights of the rats. 

The results of these experiments show that each of seven 
male albino rats fed a fat- and carbohydrate-free diet for 60 
days contained much more fatty acid at the end of the experi- 
ment than did its litter mate at the beginning. The increase 
ranged from 38 to 358% with an average of 257%, and the 
total increase for the seven rats amounted to 47.92 gm. of 
fatty acid. More than one-tenth of the gain in weight was 
constituted by fatty acids thus derived, which represents a 
considerably larger proportion of lipids. These figures do 
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not inclnde fatty acids excreted in the feces or those oxidized 
by the rats. Hence, the above noted increases in fatty acid 
represent minimum quantities synthesized. In vie-w of the 
severe conditions under which these experiments were con- 
ducted, particularly the lack of linoleic acid in the diet, the 
results show conclusively that the albino rat can synthesize 
fat from protein. 

TABLE 2 


Change in fatty-acid content of male albino rats when fed a fat- and 
carbohydrate-free diet 



AT BEGINNING 01* 
EXPERIMENT 

AT END OP 60-DAT EXPERIMENT 

RAT 

LITTER 

: AGE 

Initial 

Total fatty 
acids 

Gain in 

Total 

fatty 

acids 

Gain in fatty 
acids 

NO. 

NO. 

weiglit 

Deter- 

mined 

Esti- 

mated 

weight 

1 

600 

days 

21 

42 

gra. 

2.62 

gm. 

gm. 

gm. 

gm. 

1 % 

2 

600 

21 

i 45 


2.81 

89 

11.72 

8.91 

317 

3 

64B 

20 

38 

2.53 






4 

64B 

20 

39 


2.60 

47 

9.65 

7.05 

271 

5 

66A 

21 

45 

2.61 






6 

66A 

21 

45 


2.61 

64 

11.66 

9.05 

347 

7 

67B 

21 

38 

2.96 


! 




8 

67B ! 

21 

40 


3.12 

40 

4.29 

1.17 

38 

9 

67D 

21 

38 

3.40 






10 

67D 

21 

40 


3.58 

83 

8.25 

4.67 

130 

11 

70A 

25 

42 

2.86 






12 

70A 

25 

44 


2,99 

73 

13.11 

10.12 

338 

13 

700 , 

22 

41 

1.94 1 






14 

700 

22 

41 


1.94 

73 

8.89 

6.95 

358 


Average 




2.81 

67 

9.65 

6.85 

257 


Total 




19.65 


67.57 

47.92 



SUMMARY AISTD CONCLUSIONS 

Young male albino rats were fed a diet consisting chiefly 
of casein, but free from fat and carbohydrates, for 60 days in 
order to determine whether the rat can synthesize fat from 
protein. Two similar rats were selected from each of seven 
litters. One rat of each pair was analyzed for total fatty acid 
at the beginning of the experiment; its litter mate was ana- 
lyzed at the end. Each rat fed the test diet for 60 days was 
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foimd to contain a significantly larger quantity of fatty acid 
than had been present in its litter mate at the beginning of the 
experiment. The increases in fatty acid ranged from 38 to 
358%, with an average of 257%. The total quantity of fatty 
acid in the seven rats at the end of the experiment was greater 
by 47.92 gm. than the total quantity in the seven litter mates 
at the beginning of the experiment. 

The results of these experiments show conclusively that the 
albino rat can synthesize fat from protein, in corroboration 
of Longeneeker’s report. 
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INTRODUCTION 

The discovery made by Cook and his associates ( ’32) that 
certain anthracene derivatives possess the property of pro- 
ducing malignant tumors in animals has given rise to in- 
teresting work on the biological and chemical changes brought 
about by their presence in the tissues. The action of a typical 
carcinogenic compound, 1,2,5,6-dibenzanthracene, on mito- 
chondria has been described by Goerner (’37- ’38). Its effect 
on the lipid composition of these cytoplasmic structures led 
to a study of its influence both on the hepatic storage of the 
fat-soluble vitamins A and D and on the related processes of 
growth and calcification. In contrast with any effect that 
dibenzanthracene might exert on the hepatic storage of these 
two vitamins, its action on a third compound possessing no 
lipid properties was determined, namely, vitamin 0. 

METHODS 

The two t3^es of animals selected for use in the experi- 
ments were divided into three groups each made up of thirty- 
six rats and eighteen rabbits. The treated group was injected 
intraperitoneally with 0.1% colloidal 1,2,5,6-dibenzanthracene 
in 1% gelatin solution. Each rat received 3 mg. and each 
rabbit 10 mg, of the hydrocarbon per week. The control group 
of animals was similarly injected with 1% gelatin solution 
alone, and the normal group remaiued untreated. The gelatin 
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solutions were wanned before injection to liquefy them. The 
initial weights of the rats ranged from 70 to 100 gm., and of 
the rabbits from 1000 to 1350 gm. All were fed a commercial 
chow that insured normal growth and maintenance of health 
of each type of animal. 

At various intervals animals of each group were sacrificed 
and the determination of vitamins in the livers immediately 
begun. Vitamin A was extracted according to the procedure 
described by Moore (’30). The ether extract obtained was 
then evaporated, the fatty residue dissolved in chloroform 
and the vitamin A determined colorimetrieally with the use 
of a saturated solution of antimony trichloride in chloro- 
form according to the method devised by Rosenthal and 
Erdelyi ( ’33), and modified by Andersen and Levine ( ’35). A 
biologically standardized preparation of vitamin A containing 
55,000 TJ.S.P. units per gram was used as a standard for com- 
parison after suitable dilution with chloroform. 

To determine the effect of the hydrocarbon on the storage 
of vitamin C, a part of the liver from each of the above ani- 
mals was set aside for its estimation as described by Birch, 
Harris and Ray (’33). Instead of trichloracetic acid to ex- 
tract the vitamin from the liver tissues, a 2% solution of meta- 
phosphoric acid was employed as suggested by Fujita and 
Iwatake (’35) to prevent deterioration of the vitamin. The 
acid extract was then titrated against a solution of 2,6-di- 
chlorophenolindophenol which had been previously standard- 
ized against ascorbic acid. 

The determination of vitamin D in the liver was carried out 
by means of biological assay described in the United States 
Pharmacopoeia XI (’35). Young rats of approximately the 
same age and weighing from 35 to 45 gm. were placed on the 
standard rachitogenic diet for a period of 3 weeks. During 
this time extracts were prepared from the livers of both rats 
and rabbits which had been treated with various amounts of 
dibenzanthracene as described above. Extracts were also 
prepared from the livers of the control animals which had 
received injections of 1% gelatin alone and of the normal 
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untreated animals. All extracts were made in accordance 
with the procedure given by Heyman (’37). The fatty resi- 
dues from weighed portions of liver obtained by evaporation 
of the ether extracts were then made up into various dilutions 
with olive oil. These liver assay oils containing different con- 
centrations of the fatty residue were fed in 0.1 cc. portions 
daily for 8 days to the weighed rachitic rats. Vitamin D in 
the form of a biologically standardized preparation was given 
to another group of rachitic animals for the same period, these 
serving as the standard reference group. A third group of 
rachitic rats received 0.1 cc. of plain olive oil for the same 
period. These gave evidence of severe rickets at the end of 
the test and served to show the absence of vitamin I) in the 
olive oil used for dilutions of the fatty residues of liver ex- 
tracts mentioned above. A fourth group of rachitic rats was 
kept throughout the assay period on the rachitogenic diet and 
received no other treatment. The severe rickets which these 
anim als showed at the end of the test period indicated the 
persistence of the rachitic process in the untreated rats. All 
animals were kept in the dark during the preparation and 
assay periods. 

From the daily, dose of the biologically standardized 
preparation of vitamin D which was just sufficient to cause 
definite healing of rickets as shown by the ‘line test,’ the 
vitamin D content of the dilution of liver assay oil necessary 
to bring about a similar evidence of healing may be calculated. 
From this result the concentration of vitamin D per 100 gm. 
whole liver may be obtained. 

In order to study the effect of dibenzanthracene on growth 
and calcification, a group of young rats weighing from 45 to 
50 gm. was injected intraperitoneally each week for 3 months 
with 3 mg. of the hydrocarbon. A control group received injec- 
tions of 1% gelatin and a third or normal group remained 
untreated. The thirty animals of each group were weighed 
daily at first and then twice a week during the remainer of 
the experiment. Each week an animal of each group was 
sacrificed and the hepatic vitamin A determined as described 
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above. The effect of the hydrocarbon on calcification was 
also studied on these animals by analysis of the leg bones 
according to the procedure described by Chick, Korenchevsky 
and Eoscoe (’26). All animals were fed a standard com- 
mercial chow. 


RESULTS 

The livers of both rats and rabbits treated with dibenzan- 
thracene were greatly enlarged, weighing from two to three 
times that of the normal animals. All showed macroscopic 
signs of marked fatty changes in the organ as first reported 
by Poison (’36). This, as well as the microscopic evidence 
of fatty degeneration and necrosis, indicated the severity of 
tissue damage brought about by the hydrocarbon. One might 
expect to find, under these circumstances, that the hepatic 
storage of both fat-soluble vitamins would be affected. As 
the results in table 1 show, the storage of vitamin A was de- 
creased to a great extent by dibenzanthracene while that of 
vitamin D remained unchanged. Extraction of the alkalinized 
urine of the treated animals failed to show the presence of 
any vitamin A. The vitamin C content of the treated rats 
and rabbits was entirely comparable to that of the respective 
normal animals. 

Eesults of the experiments on the influence of dibenzan- 
thracene on the growth of young rats showed that the gain in 
weight of the treated group at the end of 1 month was only 
70% that of the normal; at the end of 2 months, 60.7% ; and 
at the end of 3 months, it had fallen to as low as 48.4%. 
Analysis of the liver tissues made each week showed a steadily 
decreasing vitamin A content in the treated group as com- 
pared with that of the normal rats. Inflanomatory processes 
of the conjunctiva indicative of xerophthalmia were also ob- 
served in the treated rats during the latter part of the experi- 
ment. At the end of 3.5 months all the treated animals that 
had not been used for analytical purposes had died, while 
only one death occurred in the normal group. The increasing 
inhibition of growth caused by the injections of dibenzan- 
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thraeene "was parallelled by the progressive decrease of 
hepatic vitamin A resulting from damage to the liver tissues 
by the hydrocarbon. The effect on the storage of this vitamin 
was especially noticeable in those animals which had received 
a large total dose of dibenzanthracene. In such instances, 
vitamin A was entirely absent from the hver tissues, even 
though the content of vitamins C and D was normal. 

The young rats used in the growth experiment served also 
to determine the influence of the hydrocarbon on caleiflcation 
of osseous tissues. The results of these tests showed that the 

TABLE 1 


Effect of dibenzanthracene on storage of vitamins A, C and D 



i 

MEAN, MINIMUM AND 

MAXIMUM VALUES 


ANIMALS 

Total dose 
of dibenzan- 
thracene 
given 

Vitamin A per 

100 gm. liver 

Vitamin 0 per 
100 gm. liver 

Vitamin D per 
100 gm. liver ® 


•mg. 

TJ.8.F, tifiits 

mg. 

U.8.P. units 

Bata 





Normal (36)^ i 

0 

5884 (422-12,650) 

26.8 (19.8-36.1) 

37 (32-56) 

Coutrol (36) 

0 

6452 (516-13,574) 

28.9 (20.0-33.8) 

28 (21-45) 

Treated (32) 

30.1 (9-45) 

28 (0-160) 

28.3 (20.8-34.1) 

32 (26-52) 

Babbits 





Normal (18) 

0 

2810 (914-4,265) 

10.4 (7.4-17.1) 

14 (11-18) 

Control (18) 

0 

3188- (1096-5,274) 

10.2 (7.0-16.4) 

12 (8-20) 

Treated (17) 

72.2 (20-130) 

36 (0-380) i 

11.0 (7.2-17.9) 

10 (9-16) 


^ Numbers iu parentheses indicate the number of animals observed. 
® These vitamin D data pertain to groups of six animals. 


ratio of mineral ash (A) to fat and organic material (E) 
ranged from 1.0 to 1.4 in the treated group as compared with 
an A/E ratio of 1.0 to 1.5 in the nomnal animals. In the 
treated rats the per cent of bone ash in the dry fat-free bones 
varied from 51.6 to 57.8 with an average of 55.3 ; in the normal 
animals, these values ranged from 52.6 to 56.8%, with an aver- 
age of 54.8. The results of these experiments served to con- 
firm those on vitamin D previously obtained, in which it was 
shown that dibenzanthracene had little effect on the storage 
of this compound in the liver. 
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The gelatin injections in the control group of animals did 
not atfect the storage of any of the three vitamins, the rate of 
growth or the process of calcification. 

SUMMARY 

1. Intraperitoneal injections of 1,2,5,6-dibenzanthracene 
decreased the hepatic storage of vitamin A hut not that of 
vitamins 0 or D. No vitamin A could he detected, however, 
in the urine excreted hy the treated animals. 

2. The inhibition of growth caused hy dihenzanthracene in 
young rats was paralleled hy the decrease in hepatic vita- 
min A. 

3. No effect on the calcification of osseous tissues was ob- 
served in young rats treated with the hydrocarbon. 
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Experiment Station Chermstry Department, South Dakota Agrioultural Experiment 
Station, Brookings, South Dakota 

VHBBE FIGtIBSS 

(Eeceived for publication June 12, 1939) 


Early investigations of the ‘alkali disease’ revealed that 
arsenic, vanadium, molybdenum, and chromium as weU as 
selenium are present in some of the soils, feeds, and waters 
from the toxic areas (Beath et al., ’35; Byers, ’34; Miller and 
Byers, ’35). Later studies on the comparative toxicities of 
selenium, tellurium, arsenic, molybdenum, tungsten, and 
vanadium (Franke and Moxon, ’37) revealed that selenium 
was the only one of these elements to cause a severe patho- 
logical condition of the liver. 

Since some of these elements occur with selenium in nature, 
it was of interest to determine what effect they might have 
on the toxicity of seleniferous grains. As a result of this 
study a method of counteracting selenium toxicity in labora- 
tory animals has been developed. 

EXPERIMENTAL 

Sixty-five rats were divided into thirteen groups of five 
rats each. The groups were balanced as nearly as possible 

^ Published with the permission of the director of the Agricultural Experiment 
Station of South Dakota State College, Brookings, South Dakota. 

*A preliminary report on part of this work was presented at the 96th Meeting 
of the American Chemical Society (Milwaukee, September, 1938) and also in 
Science, vol. 88, p. 81, 1938. 
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groups were fed 

% 

82 
10 
3 
2 
2 
1 

100 

The diet contained 11 p.p.ia selenium by analysis. 

Each of eleven of the first twelve groups was given 5.0 parts 
per million (p.p.m.) of the following elements in their drink- 
ing water : tungsten, fluorine, molybdenum, arsenic, chromium, 
vanadium, cadmium, zinc, cobalt, uranium and nickel. An 
amount of a water-soluble salt (table 1) equivalent to 5.0 
p.p.m. of each element was given in distilled water. Group 
no. 12 received distilled water without an added element. The 
thirteenth group, which served as a positive control, re- 
ceived distilled water and a diet similar to the one above 
except that control or selenium-free wheat was used in place 
of the seleniferous wheat. 

Differences in weight and food consumption among the 
various groups were noted soon after the beginning of the 
experiment. Since the results were very significant at the 
end of 60 days a summary of the condition of the rats in the 
various groups at this time is included in table 1. At this 
stage of the experiment it appeared that fluorine, molyb- 
denum, chromium, vanadium, cadmium, zinc, cobalt, and 
uranium caused an increase in the mortality rate. Since there 
were no controls which received these elements in the absence 
of selenium we cannot state whether the increased mortality 
rate was due to the element in the water or to the combined 
effect of selenium and the element. Very significant, however, 
was the fact that aU rats in the tungsten and arsenic groups 
were living and normal in appearance at the end of 60 days. 

At the end of 130 days the survivors (table 1) were killed 
and examined for liver damage. Those rats fed selenium 


as regards weight and sex. The first twelve 
a diet composed of : 

Seleniferous wheat (14 p.p.m. selenium) 

Casein 

Lard 

Dehydrated yeast (Northwestern) 

Cod liver oil 
McCollum ^s salt mixture 



TABIiB 1 
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alone, selenium with nickel, and the one survivor receiving 
selenium with vanadium, all had atrophied and necrotic livers, 
some of which exhibited hemachromatosis. The livers of the 
one survivor in the tungsten group, those fed arsenic with 
selenium, and the controls were normal in appearance. The 
livers were dried and analyzed for selenium. The results of 
the analyses together with the average total food intake, 
average total selenium intake and gain in weight of the sur- 
vivors in each group are presented in table 2. 


TABLB 2 



4 

a 

CJ 

I. 

ii 

ai 0 

(6 

^ S 

Safi 

< 

gw 
g < w 

B EH ja 

sSi 

GE TOTAL SE 
KE OE 

IVORS 

GE SB CONTEND 
EVER 

dry weight 

p5 

il 

GROTJI 

w 

K 

pi 

fi > 

•< 

pi 

■< 

< ft 

M 

S 

8® 




gm. 

gm. 

mg. 



I 

w 

1 

57 

666 

7.2 

66 

Normal appearance 

IV 

As 

4 

163.5 

1277 

14.2 

26.8 

Normal appearance 

VI 

V 

1 

99 

1313 

14.4 

30 

Atrophied 

Necrotic 

XI 

m 

2 

135 

1207 

13.2 

52 

Atrophied 

XII 

None 

3 

109 

1032 

11.3 

45.5 

Atrophied 

Necrotic 

Hemochromatosis 

XIII 

None 

5 

179 

1389 

None 

0.0 

Normal 


Although the selenium-arsenic group consumed more of the 
diet and consequently had a greater intake of selenium, the 
concentration of this element in their livers was much lower 
than in the other groups receiving the seleniferous diet, with 
one exception. The one surviving rat in the group receiving 
vanadium had the highest selenium intake but had a relatively 
low concentration of selenium in the liver. However, all of 
the rats in the selenium-vanadium group showed typical 
symptoms of selenium poisoning. 

The four rats in the tungsten group which did not survive 
the 130-day period died very near the end of the trial and at 



TOXICITY OF SELENirEBOIIS GHAXSTS 


451 


autopsy none showed any appreciable liver damage. Also 
the one remaining rat of the group showed no gross liver 
damage although the liver did contain a high concentration of 
selenium. Group IV, those receiving arsenic in their water, 
grew normally, had good appetites and showed no liver 
damage when examined at the end of the experiment. 

Since it appeared that tungsten and arsenic, especially the 
latter, reduced selenium toxicity in some manner, a second 
series was set up to determine whether or not lower concentra- 
tions of these elements would prevent selenium toxicity and 
also what effect these elements would have when given at 
these lower levels in the absence of selenium. Fifty-five rats 
were divided in groups as shown in table 3. 


TABLE 3 


GEOUP 

NUMBER 
OP RATS 

DIET 

DRINKING WATER 

I 

5 

Control 

Distilled water 

II 

10 

Control 

2.5 p.p.m. W in distilled water 

III 

10 

Control 

2.5 p.p.m. As in distilled water 

IV 

10 

Seleniferous (11 p.p.m, Se) 

Distilled water 

V 

10 

Seleniferous (11 p.p.m. Se) 

2.5 p.p.m. W in distilled water 

VI 

10 

Seleniferous (11 p.p.m. Se) 

2.5 p.p.m. As in distilled water 


The experiment was continued for 75 days. The survivors 
were then autopsied and their organs examined. 

The most important result of this trial was that 2.5 p.p.m. 
of arsenic in the drinking water would partially, but not com- 
pletely, prevent liver damage in rats fed a diet containing 
11 p.p.m. of selenium in the form of seleniferous wheat. 
Those rats given arsenic and a seleniferous diet consumed 
more food than those receiving the seleniferous diet and no 
arsenic. They also grew more rapidly and were much more 
active. 

The same level of tungsten had no effect in preventing the 
characteristic symptoms of selenium poisoning. However, all 
ten rats lived the full length of the experiment wMle only 
seven of the ten fed the seleniferous diet and distilled water 
survived the trial. This reduction of mortality was the only 
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observed effect of tungsten toward decreasing selenium 
toxicity. 

Neither arsenic nor tungsten at the level of 2.5 p.p.m. in 
the drinking water of rats receiving a control diet produced 
any change in food intake, growth, or general appearance 
from those receiving a similar diet and distilled water. 

Water consumption was recorded throughout the trials in 
order to measure the amount of the added elements which the 
animals consumed, and also to note the effect of adding these 
various elements on the volume of water consumed during 
the entire experimental period. Table 4 shows the average 
water and element consumption for each group. 

As is shown in table 4 there is no significant difference in 
the water consumption for any of the groups except the group 
receiving a seleniferous diet with no added element. The 
water consumption for this group was considerably lower, as 
is characteristic of the water consumption for selenized 
animals. 

In the other trials in which 5 p.p.m. of arsenic were ad- 
ministered, there was no noticeable difference in the volume of 
water consumed, as compared with the series which received 
2.5 p.p.m. arsenic. However, since the arsenic concentration 
was twice as great, the total amount of arsenic ingested was 
also twice as great, and, as has been explained, that amount 
afforded complete protection against the pathological condi- 
tion caused by 11 p.p.m. of selenium. 

To substantiate the results of the first trial, that 5.0 p.p.m. 
of arsenic as NaHAsOg would prevent the toxicity of a diet 
containing 11.0 p.p.m. of selenium as seleniferous wheat, a third 
trial was begun. Three groups of two rats each (one male 
and one female) were used. The first group was fed the 
control diet and received distilled water. Group 2 received 
distilled water and the seleniferous diet used in the previous 
trials. The third group was given the seleniferous diet also 
but received 5.0 p.p.pm. arsenic as sodium arsenite in its 
water. 
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2.5 xJ-P-ni. As in water j 1 Females — 18.9 Females — 0.047 | Females — 1.417 | Females — 3.542 
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The external condition of the rats after being on the ex- 
periment for 60 days is shown in figure 1. Those fed the 
toxic diet and distilled water gained weight very slowly, were 
inactive, showed loss of hair and reduced food consumption. 
In contrast, those of the third group which received arsenic in 
their drinking water and the seleniferous diet showed none 



E F 


Fig- 1 A, G and E, males ; B, D and F, females. A and B, control diet -|- 
distilled water; C and D, seleniferous diet (11.0 p.p.m. Se) -f- distilled water; 
E and F, seleniferous diet (11.0 p.p.m, Se) + distilled water containing 5 x>.p.m. 
of arsenic as NasHAsOg. 
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of these symptoms. Their food consumption was normal and 
their growth paralleled that of the control animals as is 
shown ill figure 2. 

Since both of the rats on the seleniferoiis diet were dead 
by the sixty-fifth day of the trial the survivors were killed 
on the seventieth day of the experiment. The condition of 
their livers at the time of death is shown in figure 3. While 



Fig. 2 Growth curves of animals shown in figure 1. 


the livers of both rats on the seleniferous diet (0 and D) were 
severely damaged, the livers from the rats getting arsenic and 
a seleniferous diet (E and F) showed no liver damage at aU. 
This again indicated that arsenic, in some manner, reduced the 
toxicity of seleniferous wheat when fed to rats. A report of 
further work on the counteracting effect of arsenic on the 
toxicity of various forms of selenium is in preparation. 
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F 


Pig. 3 Livers from corresi^ondiiig animals in figure 1. 
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STJMMAET AND CONCLUSIONS 

Five p.p.m. of fluorine, molybdenum, chromium, vanadium, 
cadmium, zinc, cobalt, nickel, and uranium given as ■water- 
soluble salts in the drinking water of rats fed a diet containing 
11 p.p.m. of selenium from seleniferous wheat caused an in- 
crease in mortality. 

The same level of tungsten in the form of Na 2 'W 042 H 20 in 
the water prevented, to some extent, the typical liver damage 
caused by the seleniferous diet, and in addition seemed to de- 
crease mortality of rats on such a diet. 

Two and one-half p.p.m. of tungsten in the drinking water 
seemed to reduce the mortality rate of rats fed the seleniferous 
diet but did not prevent liver damage. 

Complete prevention of the symptoms of selenium poison- 
ing was accomplished by giving 5 p.p.m. of arsenic as sodium 
arsenite in the drinking water. 

Two and one-half p.p.m. of arsenic prevented, to some ex- 
tent, the selenium poisoning symptoms ordinarily caused by a 
diet containing 11 p.p.m. of selenium from seleniferous wheat. 
This level of arsenic did not prevent liver damage appreciably, 
but did bring about a greater food intake and more nearly 
normal gro'wth. 
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ONE PiaUEE 

(Eeeeived for publication July 21, 1939) 

Results reported in the first paper of this series (Booher, 
Oallison, and Hewston, ’39) had shown that unit for unit 
commercial carotene dissolved in cottonseed oil was only about 
50 to 60% as efficient in supporting normal dark adaptation 
in adults as vitamin A in the form of cod liver oil. The ratio 
of the carotene requirement to the vitamin-A requirement, 
as determined for five subjects, varied within the rather 
narrow limits of 1.84 and 1.61. 

Wilson, Das G-upta and Ahmad ( ’37) found that the caro- 
tene in raw carrots and in cooked spinach (sak) was about 
80 to 90% absorbed by a normal adult when the diet con- 
tained an ordinary quantity of fat; when fat was excluded 
from the diet, however, the absorption of carotene from cooked 
spinach was reduced to about 50%. 

Van Eekelen and Pannevis (’38) reported the carotene in 
cooked spinach and in cooked carrots to be absorbed only to 
the extent of 6 and 1%, respectively, when fed to adults in 
conjunction with a diet of bread, rice, lard, meat, marmite, and 
50 mg. of vitamin C. Under similar conditions these workers 
found that beta carotene dissolved in oil was absorbed to the 
extent of about 59%. 

^This project was supported by an appropriation from Bankhead- Jones Funds 
(Bankhead- Jones Act of June 29, 1935). 
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Carotene and vitamin-A balance studies are complicated by 
difficulties in interpretation and by lack of satisfactory 
methods for recovering these substances from excreta. In 
order to obtain practical information on the utilization of the 
carotene in vegetables by human subjects, determinations 
were made of the physiologic minimum vitamin-A require- 
ments of adults in terms of commercial crystalline carotene 
and in terms of the carotene as it occurs in peas and spinach. 
Coincident with these measurements investigations were made 
on the influence of controlled light exposure and of increased 
dietary fat, vitamin Bi and riboflavin in modifying the caro- 
tene requirement or utilization of the carotene in vegetables. 

EXPEEIMENTAL 

The details of our method for determining the physiologic 
minimum vitamin-A requirements of adults and for managing 
the dietary regimen of the experimental subjects have already 
been described (Booher, Callison, and Hewston, ’39). As in 
the case of our previous studies the dark adaptation measure- 
ments were made with the visual adaptometer described by 
Hecht and Shlaer (’38). 

Chromatographic analyses ® of the crystalline commercial 
carotene used in the experiments herein described indicated 
that it contained 14.0 X 10® mg. and 79.4 X 10® mg. of alpha 
and beta carotene respectively per 100 gm. Such composition 
would, presumably, correspond to 1.44 X 10® international 
units of vitamin A in 100 gm. of the carotene. According to 
biological assays,® using TJ.S.P. reference cod liver oil as a 
standard, the carotene contained 1.67 X 10® international units 
per 100 gm. 

Both the peas and the spinach were frozen products pur- 
chased at one and the same time in sufficient numbers of 5 
pound lots to last throughout the entire investigation. The 

^ We are indebted to L. A. Shinn, Bureau of Dairy Industry, IT. S. Department 
of Agriculture for the chromatographic analyses. 

® We are indebted to Rosemary Loughlin, for valuable assistance in making the 
biological assays. 
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average percentages of dry matter in five samples of the 
frozen peas and spinach taken from five different lots of each 
vegetable "were 23.5 + 1.6 and 8.5 ±0.9%, respectively. 

According to chromatographic analyses * the peas carried 
0.37 mg. and the spinach 5.1 mg. of beta carotene per 100 gm. 
(raw, fresh weight basis) thus corresponding to 620 and 8500 
international units, respectively, of vitamin A per 100 gm. 
The chromatographic analysis of the carotene in each vegetable 
was made on a composite sample made up of equal weights 
of the 5 pound lots of peas and spinach, respectively. 

The biological assays ® for vitamin A-values of the peas 
and spinach after cooking, using U.S.P. reference cod liver oil 
as the standard, were 700 and 9500 to 10,000 units, respectively, 
per 100 gm. (raw basis) of the vegetables. The vitamin-A 
assays of the vegetables were conducted in parallel with 
the determinations of the minimum vitamin-A requirements 
of adults in terms of these same vegetables. The thrice weekly 
supplements of the green peas and of the spinach fed to the 
vitamin-A assay rats were taken in successive order from the 
5 pound lots of each vegetable. 

The vitamin-A values of the cooked peas and cooked spinach 
are, within the limits of experimental error, in excellent 
agreement with the vitamin-A values determined by chromato- 
graphic analyses. 

HUMAN UTILIZATION OF THE CAEOTENE IN COOKED PEAS 
AND SPINACH 

The vitamin-A values of the minimum daily intakes of 
carotene dissolved in cottonseed oil, of cooked peas, and of 
cooked spinach, which will just support normal dark adapta- 
tion in adults, are shown in table 1. In order that comparison 
of these requirements with those similarly determined for 
vitamin A in the form of cod liver oil may be facilitated, the 
results on our five subjects reported earlier are included in 
this same table. In every case the utilization of the vitamin-A 
value of the cooked vegetables was superior to that of the 

^See footnote 2, page 460. 

® See footnote 3, page 460, 
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utilization of the crystalline carotene in cottonseed oil. The 
ratios of the vitamin-A requirements when fed in the form 
of commercial crystalline carotene dissolved in cottonseed oil 
to the requirements supplied in the form of carotene in cooked 
peas were 1.66 and 1.62 for the two subjects, respectively. 
When cooked spinach was used in place of cooked peas, these 
ratios for two subjects were 1.24 and 1.22 respectively. It 
is apparent, therefore, that the carotene in cooked peas is 
better utilized than the carotene in cooked spinach. Accord- 
ing to the data shown in table 1, it may be concluded that the 
utilization of the vitamin-A values of cooked peas and cooked 
spinach is intermediate between the utilization of the vitamin-A 
value of cod liver oil and that of crystalline carotene in cotton- 
seed oil. Actually the utilization of the vitamin-A value of 
cooked peas approaches that of cod liver oil while the utiliza- 
tion of the vitamin-A value of cooked spinach is more nearly 
like that of crystalline carotene dissolved in cottonseed oil. 

The average composition of the experimental diets for three 
of the subjects, for whom the minimum physiologic require- 
ments for vitamin A in terms of cooked peas and of cooked 
spinach were determined, is summarized in table 2. The data 
shown graphically in figure 1 represent the general type of 
dark adaptation response encountered in measurements of 
the minimum physiologic requirements for vitamin A in terms 
of a specific food item, in this case cooked green peas. 

UTILIZATION OF THE VITAMIN-A VALUE OP OAEOTENE AS 
INFLUENCED BY CERTAIN DIETARY FACTORS AND 
BY VARIATIONS IN LIGHT EXPOSURE 

From time to time various dietary factors have been men- 
tioned as potential promoters of carotene or vitamin-A utili- 
zation. Increased intake of fat or of thiamin are the most 
frequently mentioned of these dietary factors suggested as 
promoting the utilization of carotene. 

The observation of Aykroyd ( ’30) to the effect that fisher- 
men in Labrador conserve their ability to see in di m light by 
keeping one eye shielded from light during the day suggests 



Average composition of experimental diets of three subjects for whom the minimum physiological requirements for vitamin A in 
t^ms of ooohed peas and of cooked spinach were determined. Quantities refer to daily intakes 
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^ International units. 

* Sherman-Bourquin units. 

’A short period on the vitamin-A deficient diet alone was interposed between periods 4 and 5 during which the composition 
of the diet was very similar to those given for periods 1 and 3. 
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TIME IN MINUTES 

Fig. 1 Dark adaptation curves for subject B. F., showing recovery of normal 
dark adaptation Tvith addition of cooked peas to the diet. 
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the possibility of Kght exposure having an appreciable in- 
fluence on vitamin-A requirements. 

The presence of riboflavin in the retinas of cattle, sheep, 
dogs, chickens and fish "was reported by Euler and Adler ( ’34), 
Adler and Euler (’38) have suggested that the free ribo- 
flavin present in high concentration in the fish retina may 
take part in the visual processes by virtue of its sensitivity to 
light. Chase ( ’37) has lent support to this theory by his dis- 
covery that solutions of frog’s visual purple bleached by blue 
light regenerates more quickly than when bleached by yellow 
light, indicating the presence of a blue-sensitive substance 
which influences this regeneration. However, direct evidence 
in support of riboflavin being concerned along with vitamin A 
in the processes of dim vision has never been advanced. 

In view of the possibility that one or more of these factors 
might alter the interpretation of the results on which our 
estimates of the minimum physiologic requirements for vita- 
min A have been based, the influence of each of the above- 
mentioned factors was investigated in turn. The summary of 
the experimental plan followed in this investigation and the 
general type of results obtained are shown in table 3. On 
account of the limitations of space, it was necessary to limit 
presentation of actual data in table 3 to the minimum that 
would show the method of procedure with an example of the 
results obtained with each factor investigated. 

In order to make any effects of these variants stand out as 
sharply as possible, they were, in each case, superimposed 
upon a given daily intake of carotene that was less than was 
required for complete restoration of normal dark adaptation. 
"When the partial recovery from hemeralopia became estab- 
lished and steady over a period of several days the experi- 
mental variants under investigation were superimposed and 
the effects on the dark adaptation curve of the subject were 
determined over another period of several days. Under these 
conditions any improvement in the dark adaptation response 
would indicate better utilization of the carotene as a result 
of the superimposed experimental variant. 



Data showing the influence of variations in intake of thiamim,, riboflavin and dietary fat and of light exposure on vitamin 

{supplied as carotene') requirements of adults 
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According to the results shown in table 3 it would appear 
that a daily intake of thiamin in excess of 400 to 600 inter- 
national units (see table 2 for thiamin values of the basal 
vitamin A-deficient diets) did not improve the utilization of 
carotene. In addition to the results shown for subject B. F., the 
findings were confirmed by results obtained with a male 
subject with whom the same experimental plan was carried 
out. The dark adaptation response of these two adults already 
receiving daily around 60% of the physiologic minimum re- 
quirement of carotene necessary for the support of normal 
dark adaptation was not improved as a result of increased 
intakes of thiamin. Neither did enrichment of the diet in 
thiamin and riboflavin together show any improvement in 
the average light threshold values (see data on subject 0. L., 
table 3) when superimposed upon a supplement of cooked 
spinach that was inadequate to support fully normal dark 
adaptation. The vitamin A-deficient basal diet of this subject 
previous to enrichment with the 300 micrograms of pure 
riboflavin carried about 600 Sherman-Bourquin units of vita- 
min G- (probably equivalent to around 1800 to 2400 naicrograms 
of riboflavin) per day. The cooked spinach supplements used 
as a source of vitamin A were consumed by the subject in equal 
portions at the noon and evening meals. 

The average fat content of the vitamin A-deficient diets of 
the experimental human subjects was such that approximately 
30 to 35% of the total calories were provided in the form of 
fat. This level of dietary fat corresponds to that ordinarily 
found in average American dietaries. As shown in table 3 
(see data on subject T. E. as the example) increase in fat 
intake beyond this level had no appreciable effect upon the 
utilization of carotene. This observation was confirmed by 
results similarly obtaiued for a young adult female subject. 

One subject (see data for subject C. L., in table 3) sub- 
mitted for a 3-day period to wearing closely fitted dark goggles 
of the type frequently used to protect the eyes from the in- 
tense light of high voltage welding-arcs. The transmission 
of the darkened glass was approximately 2%. The goggles 
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■were worn steadily ‘witii the exception of about 1 hour a day 
during the entire waking period of the 3-day interval. Pre- 
liminary to each measurement of dark adaptation during the 
3-day period this subject was adjusted gradually to ordinary 
indoor daylight before proceeding with the -nsual measure- 
ments. It was not feasible for us to continue this variation 
in experimental conditions beyond this one 3-day interval and 
we have not, to date, had the opportunity to repeat the ex- 
periment with other subjects. However, from the observa- 
tion of this one ease it would appear that if any lowering 
of the vitamin A requirement attended the diminution of 
exposure of the eyes to ordinary daylight, its magnitude is 
so small as to be of no practical significance in defining mini- 
mum vitamin A requirements. 

After a 7-day period of increased but inadequate intake of 
carotene in the form of spinach, this same subject was ex- 
posed to bright outdoor sunshine for 6 hours daily over a 
period of 4 days. This exposure to light was without ap- 
preciable effect on the threshold values measured during the 
course of dark adaptation. These results are in accord ‘with 
the fact that maintenance of a normal visual purple mechanism 
represents only a very small part of the physiologic need of 
the body for ■vitamin A. 


SUMMAET 

The ■vitamin A assay values of cooked peas and cooked 
spinach, as determined by the rat-gro^wth method using TJ.S.P. 
reference cod liver oil as the vitamin A standard, were 
found to be in excellent agreement ■with the carotene analysis 
of spinach as determined by chromatographic analysis. 

A daily intake of approximately 47 and 57 units of vitamin 
A, respectively, per kilogram of body weight was necessary 
for the maintenance of normal dark adaptation in two normal 
adults when the ■vitamin A value of the diet was derived 
almost entirely from the carotene in cooked green peas. 

A daily intake of approximately 77, 87 and 101 units of 
vitamin A, respectively, per kilogram of body weight was 
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required for the same response in three adults when the vita- 
min A value of the diet was derived almost entirely from 
the carotene in cooked spinach. 

For maintenance of normal dark adaptation in adults the 
utilization of the vitamin A values in cooked peas and cooked 
spinach is intermediate between those for cod liver oil and for 
commercial crystalline carotene dissolved in cottonseed oil. 
The utilization of the vitamin A value of cooked peas was better 
than that of cooked spinach. 

A daily intake of thiamin in excess of 400 to 600 inter- 
national units does not appear to improve the utilization of 
carotene by adults nor to diminish their minimum physiologic 
reqturement for vitamin A. 

A daily intake of riboflavin in excess of about 1800 to 2400 
micrograms was not accompanied by increased utilization of 
carotene nor by diminution of the minimum physiologic re- 
quirement for vitamin A in adults. 

Dietary fat in an ordinary mixed diet in excess of that which 
provides about 30 to 35% of the total caloric intake showed 
no beneficial effects upon the utilization of carotene by normal 
adults. 

A marked increase or a marked decrease in exposure of the 
eyes of normal adults to ordinary light sources is probably 
not accompanied by significantly altered requirements for 
vitamin A. 
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BASAL METABOLISM OP THE ADULT BABBIT AND 
PREEEQUISITES FOR ITS MEASUREMENT 


EOBEBT C. LEE 

Nutrition Laboratory, Carnegie Institution of Washington, Boston, Massachusetts 

ONE EIG-DEE 

(Eeeeived for publication June 27, 1239) 


The unusually large range in the basal heat production of the 
rabbit, as reported by previous investigators who give heat 
values differing by more than 100%, has challenged us to in- 
vestigate this subject further. As already pointed out (Smuts, 
’35; Friedgood and Bevin, ’39), the conditions prerequisite 
for basal metabolism measurements on the rabbit have not 
been well defined ; the statements concerning these conditions 
are conflicting, and no comprehensive study of the basal 
metabolism of this animal has been made. Because adult 
rabbits have a sevenfold range in weight and yet are of com- 
parable proportions, they offer ideal conditions to study the 
specific effect of size upon metabolism within the same species. 
Hence this investigation was undertaken with three objectives 
in view, 1) to determine the conditions necessary for basal 
metabolism measurements on the rabbit, 2) to establish this 
animal’s basal metabolic level, and 3) to study the influence 
of size on heat production within the same species. The first 
two of these objectives will be discussed in this report. The 
third will be considered in a subsequent paper. 

TECHNIC 

The metabolism was measured with two forms of respira- 
tion apparatus, both on the open-circuit principle. For 3- to 
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7-kg. rabbits, tbe volume of ventilating air was measured by 
dry gas meters recording to 0.1 liter, and for 1- to 3-kg. rabbits, 
by a wet gas meter recording to 0.01 liter. Aliquot samples 
were collected in 1-liter spirometers for tbe small rabbits and 
in the Fox bag (Carpenter and Fox, ’31; Benedict, ’36) for 
tbe large rabbits. Tbe samples of ventilating air were 
analyzed on tbe apparatus of Carpenter (’33). Tbe size of 
chamber varied according to tbe size of the animal, its 
capacity ranging from 5.0 liters for a 1-kg. rabbit to 16 liters 
for a 7-kg. rabbit. Constancy (usually within 1%) in tbe 
ventilation rate from period to period was maintained by 
means of a Murrill (1898) regulator. 

Tbe apparatus were frequently tested for tightness. In 
alcohol control tests the respiratory quotients ranged from 
0.644 to 0.669 in tbe individual periods of measurement. Tbe 
average ratio in seven experiments with tbe larger apparatus 
was 0.660 and in four experiments with tbe smaller apparatus, 
0.659. Tbe gas-analysis apparatus was cheeked on nearly 
every experimental day by analyses of outdoor air. These 
analyses (119) showed a range in carbon dioxide of from 
0.029% to 0.033% (average 0.030%), and in oxygen of from 
20.934% to 20.948% (average 20.939%), with standard devia- 
tions of ±0.001 and ±0,003, respectively. 

Tbe chamber temperature (indicated by a mercurial ther- 
mometer, with its bulb in the outgoing air pipe at its exit 
from tbe chamber) was held at tbe desired level by placing 
tbe chamber in a larger, water-jacketed chamber, which pro- 
vided several inches of air space between the water jacket and 
the metabolism chamber. Thermostatic control was fre- 
quently used to maintain the temperature of the animals’ 
room within the desired limits, and the temperature was re- 
corded by a calibrated thermograph. Body temperature was 
measured by thermocouples (Lee, ’39). 

In all experiments graphic records of activity were obtained 
by placing the chamber on a platform, suspended by a pneumo- 
graph. 
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PEBEEQUISITES POE BASAL METABOLISM MEASUEEMENTS 

The conditions necessary for basal metabolism measure- 
ments on any animal species have been pointed out inde- 
pendently by Benedict ( ’38) and Giaja ( ’38). Both emphasize 
absence of muscular activity, post-absorptive condition, zone 
of thermic neutrality, adaptation to this zone, normal nutri- 
tive state, the animal’s age (avoidance of the complicating 
factors of growth and senility), and time of day at which the 
measurement is made. Le Breton (’34 a) has partially set 
forth the conditions for determination of the rabbit’s basal 
metabolism. The conflicting data and statements of several 
careful investigators, however, concerning the zone of thermic 
neutrality and the time when the post-absorptive condition is 
reached leave uncertainty as to these factors. 

Animals used. Seventy-five rabbits were obtained from 
three sources. One group was obtained from local breeders. 
Two other groups were lent to us, one through the kindness of 
Prof. William E. Castle of the Bussey Institution of Harvard 
University, and the other through the kindness of Prof. 
Gregory Pincus of the Department of Physiology of Harvard 
University. Babbits 10, 40, 47, 52, and 62 were 7 to 9 
months old; rabbit 36 was 5 years old, and the others ranged 
in age from 10 months to 4 years at the time of their first me- 
tabolism measurements. The average age was If years, and 
the maximum age in any experiment, 6 years. As the rabbit’s 
life span may be at least 10 years (Tegge, ’36), and as rabbits 
mature sexually at about 6 months (Fangauf and Immenkamp, 
’38), our rabbits were all adult but in no sense senile. They 
were also in good nutritive state, as indicated by their general 
appearance, by dissection of a number of animals, and by com- 
parison of their body weights with standard weights for re- 
spective breeds. Their weights ranged from 1 to 7 kg. They 
were housed in individual cages and, unless fasting for ex- 
periments, were fed each morning Purina rabbit chow, supple- 
mented frequently by carrots, carrot tops, and parsley. 

Activity. As excessive activity can double the rabbit’s 
metabolism, this factor has been eliminated in the following 
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discussions of results in two ways. Only measurements in 
periods when no appreciable activity occurred have been con- 
sidered, and of these, only period values within 10% of the 
minimum value foimd in any experiment were included in the 
average for the experiment. Usually each average value 
represents from three to five periods of measurement, oc- 
casionally only two periods or all six periods. 

Post-absorptive state. The two criteria for establishing 
absence of digestive activity are the respiratory quotient and 
the heat production. An analysis of the respiratory quotients 
(measured at approximately 28° C.) accordiag to the length 
of time food had been withheld from the rabbits reveals that 
a 24-hour fast did not always result in quotients of fat. The 
165 values at the twenty-fourth hour after food ranged from 
0.67 to 0.86, but the greatest number were 0.74, which was 
the average value. At the forty-eighth hour the nineteen 
quotients ranged from 0.67 to 0.74 and averaged 0.71. The 
fifteen quotients at the seventy-second hour also averaged 
0.71, and the range was from 0.68 to 0.73. In eleven experi- 
ments (also at about 28°C.), in which the exact time of the 
last food ingestion was known, the maximum quotients within 
6 hours of this time varied from 0.80 to 0.96, over half of 
them being 0.90 or above. The ranges and averages at the 
twenty-fourth hour (eleven experiments), forty-eighth hour 
(nine experiments), and seventy-second hour (five experi- 
ments) of fasting were as follows: 

Sours fasting Range Average 

24 0.70 to 0.79 0.74 

48 0.68 to 0.75 0.71 

72 0.68 to 0.73 0.70 

Comparison of the heat production and the simultaneously 
determined respiratory quotient at various stages of fastiug 
is given in table 1 for sixteen experiments, most of them at 
about 28° C. The heat production had only a slight tendency 
to decrease as the fast progressed and, on the whole, was es- 
sentially the same whether the rabbit had been fasting 24, 48 
or 72 hours. Exceptions are noted in experiments e, g, i and 
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m, in wliich the heat production decreased between the twenty- 
fourth and forty-eighth hours, although quotients at the fat 
level were found at the twenty-fourth hour. After 24 hours 
of fasting there was no consistent tendency for a decreas- 
ing respiratory quotient to be accompanied by a lowered 
heat production. In experiments a, c, f and k the respiratory 
quotient decreased as fasting continued from the twenty- 

TABLB 1 


Eelation of heat production per square meter of "body surface^ per M hours 
and respiratory quotient to length of fast 



BABBIT 

KO. 


HOUBS PASTING 

EXPXBZ- 

WEIGHT 

1 to 6 hours ' 

24 hours 

48 hours 

72 hours » 




B. Q. 

Calories 

R. Q. 

Calories 

B. Q. 

Calories 

R. Q. 

Calories 

a 

9 

kg. 

1.39 



0.76 


0.72 

724 



b 

16 

Kljljfl 

0.92 

892 

0.77 

821 

0.70 

4 


812 

c 

55 




0.77 

753 

0.72 

748 



d 

2 

1.14 



0.68 

522 

0.72 

528 


499 

e 

2 

1.16 


723 


605 

0.72 

477 

0.72 


f 

2 

1.20 



0.74 

518 

0.70 



499 

g 

9 

1.44 


648 

0.71 


0.67 

557 


544 

h 

9 

1.35 



0.72 

553 

0.71 

562 

0.71 

541 

i 

9 

1.34 



0.70 

624 

0.72 



547 

. 1 

3 

12 

1.61 



0.72 

601 

0.71 

589 

0.70 


k 

65 

3.55 



0.76 


0.73 ! 

676 

0.69 


1 

47 

3.76 



0.72 


0.71 

642 

0.70 

617 


63 

4.77 

0.79 

857 

0.70 

856 

0.70 

829 

0.68 


n 

63 

4.56 



0.73 

858 

0.69 

885 

0.72 

817 

0 


4.28 



0.73 


0.70 

829 

0.71 

781 

P 

68 

5.15 



0.74 

551 

0.70 

543 

0.69 

560 

Average ® 

0.72 

643 

0.71 

632 

0.70 

621 


QQQ j ill which S represents 


square meters; w, weight in grams, and K = 10. 

* The rabbits were kept at essentially the experimental temperature for 24 hours 
prior to the first measurements and also between measurements; all experiments 
were at 27* to 32*C. except experiments a, b, e and k which were at 24*C. 

* Observations at the ninety-sixth hour gave the following results : experiment i^ 
R. Q.^0.69, 567 cals.; experiment j, R. Q. = 0.69, 604 cals.; experiment o, 
R. Q. = 0.70, 727 cals. 

* Active. 

' N*ot including experiments a, b and c. 
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fourth to the forty-eighth hour, but the level of the heat pro- 
duction was not lowered. There were also experiments (a 
and k) when the minimum or approximately the minimum heat 
production occurred with the highest respiratory quotient. 
Thus the minimum heat production is not dependent on or 
insured by a respiratory quotient of fat. In table 1 the aver- 
age heat production at the seventy-second hour was only 3% 
below that at the twenty-fourth hour. At the ninety-sixth 
hour the heat production in two of three experiments was the 
same as at the seventy-second hour. Hence, between the 
twenty-fourth and the seventy-second hours of fasting, any 
effect of absorption of food on the metabolism can be con- 
sidered negligible and the heat production can be considered 
to be at a level, even though the respiratory quotient may not 
be that of fat. 

A large number of experiments revealed that the respira- 
tory quotient does not change significantly in the course of 
2 to 3 hours, when the rabbit has been fasting at 27° to 28° C. 
for 22 to 26 hours. In representative experiments, each of 
six 25- to 30-minute periods, the following quotients were 
noted ; 


SabhU no. 

1 

2 

Period 

3 

no. 

4 

5 

6 

3 

0,73 

0.72 

0,72 

0.73 

0,73 

0.72 

23 

0,71 

0.70 

0.72 

0.70 

0.72 

0.71 

24 

0.71 

0.71 

0.72 

0.72 

0.73 

0.73 

42 

0.73 

0.75 

0.74 

0.74 

0.76 

0.73 


As the quotients did not vary significantly in any one ex- 
periment, it is concluded that the average of any two indi- 
vidual quotients in a given experiment will be representative 
of all the quotients. Therefore the respiratory quotient was 
determined usually in only two (non-consecutive) periods of 
the six periods of each basal experiment, and the two quotients 
were averaged. In the other periods only the carbon- 
dioxide production was measured. The heat production in the 
different periods was then calculated by applying the caloric 
value of carbon dioxide for this average respiratory quotient 
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to the measured carbon-dioxide production, reduced to 
standard conditions of temperature and pressure. 

Zone of thermic neutrality and period of habituation to 
temperature. In figure 1, curves are given showing the course 
of the heat production per square meter of surface area of 
rabbit 12 as the environmental temperature was increased. 
The animal had been fasting 24 hours at the start of each 
experiment and remained at each temperature level for about 


Cals. 

per 

sq.m. 



Fig. 1 Influence of environmental temperature upon heat production per square 
meter of surface area per 24 hours — ^rabbit 12. The animal had been 24 hours 
•without food at the start of each experiment. Each curve represents the results 
obtained at successively higher environmental temperatures on the same day, after 
the rabbit had been living at 17® to 21® 0. for more than 3 weeks. The measure- 
ments at each temperature did not start until the rabbit had been at the given 
temperature for about 40 minutes or longer. The hollow circles represent 
measurements made at 28® after the rabbit had been living 24 hours or more 
at this temperature. Each plotted value represents the average of several periods 
of measurement. 


2 hours (including about 40 minutes prior to the metabolism 
measurement). Although these particular curves are based 
upon the results obtained with one rabbit, they are also repre- 
sentative of those found with seven other rabbits. The 
metabolism was lowered by the increased temperatures. This 
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is contrary to the findings of several investigators (Bacq, 
’29 a, ’29 b; Le Breton and Schaeffer, ’33; Le Breton, ’34 a), 
who reported thermic neutrality for the rabbit to be as low 
as 20® C. Measurements at 28°, 30®, and 32° C. on the same 
day are recorded in table 2. The rabbits had been fasting 
20 to 72 hours and had been living at 26® to 33°C. Although 
there were variations, in general the heat production was 
essentially constant, the average values at the three tempera- 
tures differing from each other by less than 1%. Measure- 
ments at 34° and 36° showed increases of 16% and 15% above 
the level at 32° 0. In twenty-three experiments on sixteen 


TABliS 2 

Meat production of rahtits^ measured at different temperatures on the same day 


BABBIT 

NO. 

NUMBEB 

OPEX- 

PSBIECENTS 

OAIiOBIES 

PEB SQ.H. PE& 24 HOtTBS 

28*0. 

30*0, 


2 

3 

542 

1 512 

525 

4 

1 

617 

586 

616 

9 

3 

658 

563 

562 

12 

1 

649 1 

615 

584 

13 

1 

673 

669 

642 

19 

1 

682 

694 

702 

63 

2 

851 

930 

906 

Av. 


653 

653 

648 


^Kept at from 26 to 33"* C. for 24 hours before experiment; post-absorptive. 


rabbits habituated for 24 hours to 28° and measured both at 
28° and at 24° on the same day, the metabolism at 24° aver- 
aged 5% higher than that at 28° C. ; a few measurements at 26® 
were at an intermediate level. With three of the sixteen 
animals the heat values were lower at 24® than at 28°, aver- 
aging 3.8% lower. Prom the data presented, as well as sup- 
plementary data, it is concluded that the zone of thermic 
neutrality for the rabbit is from 28° to 32° C. 

With one exception, the open circles in figure 1 at 28° are 
below the levels of the curves at this temperature. For 24 
hours prior to the measurements represented by these open 
circles the rabbit had been living at 28°, whereas previous to 
the measurements at the lower temperatures (represented by 
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the curves) it had been at about 18°C. From the data on a 
number of rabbits studied under varying conditions as to en- 
vironmental temperature, we find that if rabbits have been 
living below thermic neutrality but above 20° C., habituation 
to thermic neutrality for an additional 24-bour period prior to 
measurement will permit normal adjustment of the metabo- 
lism to the basal level. 

Adjustment to laboratory manipulations. As noted by Le 
Breton (’34 a) and others, the first experiment made on an 
animal is often significantly high because of the animal’s 
lack of adjustment to laboratory procedures. In the initial 
experiments on animals studied on 4 or more days the metabo- 
lism averaged 6.3% above the average basal level in subse- 
quent experiments; in half of the instances it was 7.5% or 
more above the average level. The initial experiment on each 
animal has been omitted from its average value reported in 
table 3 (p. 484), except for rabbits borrowed from other 
laboratories, as these latter were accustomed to laboratory 
handling and as consideration of their initial measurements 
shows agreement with the average values obtained with other 
rabbits in numerous experiments. 

Time of day. The heat production of five rabbits (3.5 to 
4.6 kg.) at thermic neutrality was measured at four different 
times of day. The animals had been 24 hours without food 
at the start of each experiment. Although the length of the 
fast was greater as the experiment progressed, any effect of 
this factor in obscuring the analysis with regard to time of 
day was avoided by varying the time of starting the experi- 
ments. The results are as follows, the values in italics indi- 
cating the initial measurements. 


Eahhit 

OaZories 

por aq. m. 

per 24 

hours 

no. 

9 A.H. 

2 P.M. 

9 P.M. 

2 A.M. 

41 

840 

752 

756 

791 

53 

683 

710 

730 

728 

58 

678 

572 

592 

556 

59 

783 

682 

739 

711 

64 

656 

648 

716 

673 

Average 

708 

674 

706 

692 
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There is some variation between the measurements on any 
one animal bnt no consistent variation ascribable to time of 
day. Le Breton (’34 b) also failed to find any consistent di- 
urnal variation in the rabbit’s metabolism. Similarly, no 
characteristic daily rhythm was found in the rabbit’s body 
temperature (Lee, ’39). 

BASAL METABOLISM 

Variability in the individual rabbit’s metabolism from day 
to day. Basal metabolism measurements under the condi- 
tions outlined above were made on seventy-four rabbits, of 
which thirty-four were studied in three or more experiments. 
Even under presumably uniform conditions, some variability 
existed between measurements repeated from day to day on 
the same rabbit. Among eight rabbits studied on 8 or more 
days each, the mean maximum variation in heat production 
per square meter of surface area from the average heat pro- 
duction was ±15.3%. The standard deviation of the per- 
centage differences between the individual values for each 
animal and its average value per square meter was ±7.8% in 
the ninety-six measurements on these eight animals. For the 
thirty-four animals measured on 3 or more days the standard 
deviation of the percentage differences was ±6.9%. 

Average basal metabolism of the rabbit species. The aver- 
age results for our seventy-four rabbits are summarized in 
table 3. The heat production is expressed in total calories 
per 24 hours and in calories per square meter of surface area 
(S = 0.001w^''®; w== weight in grams). The metabolism in- 
creases with size, the total heat production ranging from 
60 calories for a 1.2 kg. rabbit to 335 calories for a 7-kg. rabbit, 
and the heat production per square meter from 534 to 914 
calories. No single value on any of the common bases may 
be given to represent the heat production of the rabbit species, 
but the data in table 3 may be averaged according to weight 
as follows : 
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Weight 

group 

kg. 

Number 
in group 

Average 

weight 

kg. 

Calories per 24 hours 
Total Per sq.m. 

1 

20 

1.52 

82.6 

624 

2 

13 

2.46 

119.3 

654 

3 

19 

3.57 

163.7 

699 

4 

14 

4.33 

191.1 

721 

5 

• 7 

5.33 

232.7 

761 


A number of investigators have reported beat values for 
rabbits expressed mtb reference to surface area but have 
failed to state the formula used for calculating the area, •svMch 
prevents intelligent comparison of the results. We here enter 
a plea for the use of a uniform method of making such calcula- 
tions. In those instances where comparisons are possible, we 
find that most of the previously published values (calculated 
per O.OOlw’*^®; w = weight in grams) for the basal heat pro- 
duction of the rabbit are higher than ours. Possibly the ex- 
planation is that the measurements were not made under all the 
prerequisite conditions outlined above. Our values are among 
the minimum. Other values that agree closely with ours, 
when weight is taken into consideration, are those reported by 
Laufberger (’25), Ohoneim (’30), Le Breton and Schaeffer 
(’33), Le Breton (’34b), and Smuts (’35), and some of the 
minimum values of Webster, Clawson and Chesney (’28). 

Sex. Comparison of the data with regard to sex shows 
essentially the same range in percentage variability from the 
average trend for total heat production referred to weight for 
each sex, but the twenty-three males have a metabolism 2% 
higher than that of the females when their average metabolic 
trends with increasing weights are considered. Hence, a sex 
difference, which has been found pronouncedly in humans 
(G-ephart and DuBois, ’16; Harris and Benedict, ’19) and to 
a less extent in rats (Horst et al., ’34 a, ’34 b), is suggested by 
these data on rabbits. 

Rectal temperature in relation, to metabolism. The normal 
limits of the rectal temperatures of adult rabbits are from 
38.4° to 41.1 °C. (Lee, ’39). The rectal temperature measure- 



TABLE 3 

Basal metabolism of rabbits^ 


{A^verage mines) 


BABBIT NO., 

bbeed,® 
and sex 

2 

WEIGHT 

iTTJMBEB 
OE EX- 
PBBI- 
MENTS 

BEOTAB 
TEMP. ® 

B- Q- 

HEAT PRODUCED PER 24 HOXTBS 


Total 

Per sq.m> 

1 

P 

cJ 

kg. 

1.15 

3 

“0. 

39.1 

0.72 

Cals. 

77.7 

Cals. 

706 

2 

P 

cJ 

1,18 

14 

39.3 

0.72 

59.8 

534 

3 


cJ 

1.18 

1 


0.73 

69.6 

621 

4 


$ 

1.22 

2 


0.73 

67.8 

592 

5 

P 

2 

1.28 

5 

38.7 

0.72 

72.3 

613 

6 



1.29 

1 


0.75 

75.2 

632 

7 



1.31 

2 


0.73 

66.5 

558 

8 

P 

cJ 

1,31 

5 

39.1 

0.70 

75.5 

629 

9 

P 

2 

1.37 

21 

39.4 

0.72 

72.7 

591 

10 


(j 

1.43 

2 


0.73 

69.5 

550 

11 



1.49 

1 

39.3 

0.71 

78.2 

602 

12 

P 

2 

1.52 

17 

39.6 

0.71 

82.1 

622 

13 


2 

1.70 

2 

39.8 

0.75 

92.2 

649 

14 

E 

(? 

1.70 

1 


0.76 

91.4 

644 

15 

2 

1.78 

1 


0.73 

83.8 

570 

16 

D 

(? 

1.81 

1 


0.72 

97.8 

656 

17 


2 

1.86 

2 

39.2 

0.74 

86.7 

574 

18 


2 

1.90 

2 

39.6 

0.83 

108.0 

706 

19 


2 

1.93 

2 


0.74 

105.9 

684 

20 


9 

1.97 

1 ' 


0.74 

118.3 

754 

21 


2 

2.06 

1 

39.4 

0.71 

95.4 

589 

22 

H 

2 

2.06 

2 

38.6 

0.71 

103.0 

638 

23 


cJ 

‘ 2.17 

1 

38.6 

0.71 

101.2 

602 

24 

H 

cJ 

‘ 2.23 

3 

39.0 

0.72 

91.4 

535 

25 


s 

‘ 2.38 

1 


0.77 

140.3 

788 

26 


5 

» 2.40 

1 


0.76 

112.8 

630 

27 

D 

d 

^ 2.42 

4 

39.0 

0.73 

128.4 

713 

28 


s 

> 2.47 

1 

39.5 

0.76 

116.1 

634 

29 


5 

) 2.67 

1 

39.4 

0.78 

127.8 

666 

* 30 


5 

f 2.69 

1 

39.2 

0.75 

112.1 

581 

31 

C 

5 

1 2.79 

4 

39.8 

0.74 

143.1 

723 

32 


< 

1 2.80 

1 

39.1 

0.74 

138.4 

696 

33 

J 

c 

J 2.84 

1 


0.74 

141.4 

703 

34 

P 

c 

< 

J 3,11 

3 

1 

39.6 

0.73 

118.1 

554 

35 

J 3.13 

1 

39.7 

0.77 

140.8 

658 

36 


c 

f 3,20 

1 


0.74 

157.8 

727 

37 

Z 

( 

2 3.21 

4 

39.6 

0.74 

132.5 

608 

38 

Z 


2 3.30 

3 

39.2 

0.73 

149.1 

672 

39 



2 3.37 

1 

39,4 

0.74 

182.8 

812 

40 

z 

( 

i 3.43 

1 

39.6 

0.74 

196.8 

867 


484 
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BABBIT NO., 
BBBBD ^ 

AND SEX 

WEIGHT 

NUMBER 
OF EX- 
PERI- 
MENTS 

RBCTAn 
TEMP. ® 

R.Q. 

HEAT PRODUCED PER 24 HOURS 

Total 

Per sq.m.* 




hg. 




CaU. 

Cals, 

41 

Z 

? 

3.55 

7 

39.7 

0.76 

161.1 

691 

42 

E 

9 

3.56 

1 

39.1 

0.74 

141.2 

606 

43 


9 

3.57 

1 

39.1 

0.74 

121.1 

518 

44 

Z 

9 

3.69 

4 

40.3 

0.76 

1 184.8 

773 

45 


9 

3.69 

2 

39.4 

0.74 

164.8 

691 

46 


9 

3.77 

1 


0.76 

i 218.4 

902 

47 

Z 

9 

3.81 

3 

39,6 

0.71 

i 160.3 

657 

48 


9 

3.83 

1 

39.0 

0.75 

170.8 

697 

49 


9 

3.87 

2 

39.8 

0.73 

180.4 

734 

50 

E 

9 

3.89 

2 

39.2 

0.74 

148.7 

601 

51 

Z 

<? 

3.97 

1 


0.71 

159.4 

635 

52 

z 

c? 

3.97 

3 

40.2 i 

i 

0.73 

221.7 

883 

53 

z 

9 

4.02 

8 

40.0 

0.76 

189.6 

750 

54 

z 

9 

4.03 

5 

39.8 

0.74 

187.8 

742 

55 

z 

9 

4.04 

3 

39.8 

0.74 

182.1 

717 

56 

z 

9 

4.11 

4 

39.7 

0.74 

213.9 

832 

57 

z 

9' 

4.13 

1 


0.77 

173.8 

676 

58 

z 

9 

4.14 ! 

8 i 

39.5 

0.76 

184.5 

715 

59 

z 

9 

4.21 

9 

39.8 

0.78 

211.8 

811 

60 

z 

9 

4.27 ^ 

4 ! 

39.6 

0.74 

201.2 

765 

61 

z 

9 

4.39 

4 

39.2 

0.74 

180.1 

672 

62 

z 

9 

4.42 : 

4 

39.7 

0.72 

157.1 

584 

63 

G 

9 

4.55 

11 

40.3 

0.71 

233.1 

848 

64 

z 

9 

4.55 

6 

39.4 

0.77 i 

199.1 

724 

65 

z 

9 

4.83 

^ ! 

39.4 

0.73 

173.3 

606 

66 

z 

<? 

4.87 

4 

39.3 

0.72 ; 

188.4 

656 

67 

p 

<? 

5.16 

3 

39.5 

0.71 

239.6 

801 

68 

z 

9 

5.17 

8 

40.1 

0.70 

180.2 

603 

69 

p 

<? 

5.20 

3 

39.6 

0.70 

224.2 

747 

70 

z 

9 

5.28 

4 

39.8 

0.77 

209.1 

690 

71 

p 

9 

5.39 

1 


0.75 

243.2 

792 

72 

p 

9 

5.47 

1 


0.72 

256.5 

825 

73 

G 

(? 

5.67 

1 


0.71 

275.9 

868 

74 

P 

9 

7.00 

4 

40.2 

0.74 

334.5 

914 


^Measured at 28® to 32®, between twenty-fourth and seventy-second hours of 
fasting; kept at thermic neutrality for 24 hours or longer before experiment. 

® The breed is indicated by letters as follows: C = Chinchilla; D = Butch; E = 
English; GI-= Checkered Giant; H == Himalayan; J = Japanese; P = Polish; 
Z s= New Zealand. Where no letter follows the rabbit number, the breed is mixed 
or unknown. 

® Average of the temperatures recorded at the end of each metabolism experiment. 

2/3 

* S = O.OOlw ; w = weight in grams. 
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ments accompanying tlie basal metabolism measurements 
were always within these limits. The heat production of indi- 
vidual rabbits with differing rectal temperatures within this 
range was carefully studied, but no consistent tendency was 
found among individual animals for high body temperature to 
be correlated with high heat production or vice versa. When 
the values for the different animals as a whole are considered, 
a correlation is noted between the heat production per square 
meter and the rectal temperature. The rectal temperatures 
were slightly higher and the heat production per square meter 
averaged appreciably higher at the heavier weights than at 
the lighter weights. How significant this correlation is, how- 
ever, cannot be established by our limited data. 

Size. The relationship between size and basal metabolism, 
already briefly discussed in the presentation of the basal data 
(p. 482), will be considered more in detail in a subsequent 
report. 

SUMMAET 

For basal metabolism measurements on normal adult 
rabbits, animals in good nutritive state with rectal tempera- 
tures between 38.4° and 41.1° 0. should be used. The measure- 
ments can be made at any time of day or night. Absence of 
muscular activity is necessary. The rabbits should have 
fasted for from 24 to 72 hours prior to measurement, should 
have been living at environmental temperatures above 20° 
but not above 32°, and should have been habituated to the 
environment of thermic neutrality (28° to 32°C.) for 24 hours 
or longer prior to the observations at thermic neutrality. The 
initial experiment on any rabbit not previously accustomed 
to laboratory procedures should be considered only as an 
orientation experiment. 

The rabbit’s basal metabolism was established by 251 ex- 
periments on seventy-four adult animals, ranging in weight 
from 1 to 7 kg. The total heat production ranged from 60 to 
335 calories per 24 hours and the heat production per square 
meter of surface area from 534 to 914 calories, being in 
general higher the heavier the weight. The males tended to 



BASAL METABOLISM OP THE BABBIT 


487 


have a slightly higher metabolism than the females. There 
was no pronounced correlation between rectal temperature 
and heat production. The heat values per square meter were 
lower than most of the values reported in the literature, 
probably because of strict adherence to basal conditions of 
measurement. 
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The relationship of heat production to size among different 
animal species has frequently been studied, notably by Eubner 
(1883), Kleiber (’32), Brody (’34), and Benedict (’38), and 
various attempts have been made to correct for differences 
in size to bring the results for all animals to a comparable 
basis. This desirable end has not been fully attained. Even 
though differences in size may be to some extent ruled out by 
consideration only of various animal species of relatively the 
same body weights, there are numerous difficulties in com- 
paring the heat productions of these animal species, such as 
differences in body configuration, body composition, and body 
covering. Thus far, the study of the factor of size per se has 
not been made under the most advantageous conditions. A 
better opportunity to study this factor is afforded by an 
animal species that has a large variation in the adult weights 
of various breeds within the species. The rabbit species is 
particularly suited for this study. It is possible to obtain 
rabbits having a sevenfold range in adult weights and yet, 
in spite of this large weight difference, having a configuration 
that is relatively unchanged (Castle, ’30). Furthermore, the 
body composition is essentially the same in the large as in the 
medium and small-sized adult rabbits, as we have found from 
our analyses of the bodies of rabbits. Hence the difference 
in weight between the small and the large adult rabbit is not 
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a difference in the percentage content of body fat. In addi- 
tion, domestic rabbits of all sizes live nnder practically the 
same conditions, having the same daily rontine of feeding and 
activity, which is probably not true of many other animal 
species having as wide a range in adult weight. Therefore, 
for the study of the effect of difference in size upon metabo- 
lism the rabbit presents as nearly ideal conditions as are ob- 
tainable in any species. As the most practical index of size 
ordinarily available is the body weight, our consideration of 
size win be made with reference to body weight, and the terms 
‘body weight’ and ‘size’ will be used synonymously. The dis- 
cussion will be based upon our basal metabolism study of 
adult rabbits, the results of which have already been published 
(Lee, ’39), and we shall seek to find some method of expression 
of the data by which the average trend of the heat production 
will be related to the weight as a simple function (or linear 
equation) or by which some direct relationship between the 
total heat production and the weight can be stated mathe- 
matically. 

Total heat production referred to tody weight. In figure 1 
the values for the basal total heat production of our rabbits 
per '24 hours have been plotted with reference to the body 
weight. These data are the average results on each of 
seventy-four adult rabbits. Through the plotted values a 
curve has been drawn to indicate the general trend of the 
metabolism between the weights of 1 to 7 kg. Because of the 
variability in the metabolism of the different rabbits, the total 
heat production in a few instances is the same for rabbits 
differing in weight by as much as 1.5 kg. However, on the 
average, the total heat production between the weight limits 
of 1 to 7 kg. increases as a straight-line function of the in- 
crease in weight. In other words, the amount of increment in 
total heat production per kilogram of increase in weight above 
1 kg. is the same at all weights. The percentage deviations of 
the measured heat production from the average metabolism as 
indicated by this curve have been calculated, and in table 1 the 
sum of the plus and the sum of the minus deviations (column c) 
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have been recorded for each weight group. For each group the 
difference between these two sums is small, which means that 
the straight-line curve has been drawn correctly to represent 
the average trend of the data throughout the entire weight 
range. The average total heat productions of the several 
weight groups, as calculated from the curve in figure 1 and as 
actually measured, are recorded in columns d and e of table 1. 
The close agreement between the measured and the calculated 
metabolism is further proof of the validity of the linear re- 



Fig. 1 Basal total heat production per 24 hours referred to body weight of 
rabbit. 


lationship. According to the curve in figure 1 the average 
total heat production of the adult rabbit can be predicted by 
the formula htotai = 39.35W + 22.5, in which h total represents 
total calories per 24 hours and W, the weight in kilograms. 
As the total heat production increases as a linear function of 
the increase in weight, the total heat production is related to 
weight 

Heat production per kilogram of hodg weight. If the aver- 
age values for the total heat production at each kilogram of 
body weight as indicated by the curve in figure 1 are divided 




TABLE 1 

Gornfarison of the rahUrs measured heat production with that calculated on various bases 
{Average trend of metabolism referred to weight) 
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^ Calculated from curve in figure 1. 

® Calculated from equation: total 24:-liour heat production = 58.7W®” in which W represents weight in kilograms. See column 
measured total heat production. 

® Calculated from curve in figure 2. 

* Calculated from curve giving equation : heat production per W®*” = 1.9W 4 57.7. 
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by the respective weights, the resulting values for the heat 
production per kilogram per 24 hours are as follows : 

Weight in kilograms 1 2 3 4 5 6 7 

Calories per kilogram per 24 hours 61.9 50.6 46,9 45.0 43.9 43.1 42.6 

Hence, as is generally recognized, a single value for heat 
production per kilogram of weight will not suffice to express 
the metabolism of rabbits of different weights, for the heat 
production per kilogram decreases rapidly at the lighter 
weights and less rapidly at the heavier weights. The value 


C4LS CALS, 



Pig. 2 Basal heat production per square meter of surface area per 24 hours 
referred to body weight of rabbit. The left-hand scale of ordinates represents 
the calories per square meter of surface area, obtained by dividing the total 
24-hour heat production by O.OOlw^/S ^ in which w represents the weight in 
grams. The right-hand scale of ordinates represents the calories per in 

which W is weight in kilograms. 


at 7 kg. is 31% lower than that at 1 kg., and even between 
1 and 3 kg., the weights most frequently found in the litera- 
ture, the values decrease 24%. Therefore the change in the 
heat production per kilogram is not a simple function of the 
increment in weight, i.e., the relationship cannot be expressed 
as a linear equation. 

Heat production per unit of surface area. In figure 2 the 
values for the average 24-hour heat production per square 
meter of surface area (left-hand scale of ordinates) have been 
plotted with reference to weight. The surface area was oh- 
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tained by caleulation, using tib.e Meeh formula S = ^ 1 ^ 00 ^ ’ 
where S is the surface area in square meters, W is the weight 
in grams, and K equals 10. Correction for the surface areas 
represented by rabbit’s ears, which has been stressed by 
Eubner (’02), did not have to be made in our calculations, 
because our rabbits all had the same relative configuration 
and the present analysis is confined to the rabbit species alone. 
The curve in figure 2 indicates the average trend of the data. 
Although figures 1 and 2 give the impression that the scatter 
of the plotted heat values per square meter is much greater 
than the scatter of the total heat values, actually the average 
of the percentage deviations of measured heat production per 
square meter from that indicated by the curve is only slightly 
greater than the average of the percentage deviations in the 
case of the total heat production. The sums of the plus and 
the minus deviations for each weight group, recorded in 
column i of table 1, show that the straight-line curve in figure 2 
represents the average trend of the data well. Comparison 
of the averages of the measured and the calculated values per 
square meter of surface area for each weight group (columns 
k and 3) supports this thesis. Hence the relationship between 
the heat production per square meter of body surface and the 
body weight can be expressed by an equation of the first 
degree (a linear equation). In other words, the rabbit’s basal 
heat production per square meter can be predicted from the 
formula hgq.„. =36W -f- 570, in which h^q^^. represents 
calories per square meter of surface area (calculated accord- 
ing to the formula given above) per 24 hours and W, weight 
in kilograms. 

Heat production, referred to powers of the weight. In the 
attempt to clear up the relationship between size and metabo- 
lism, Krogh ( ’16) has proposed expressing the heat produc- 
tion as a function of W“ rather than per square meter or any 
other unit of surface area, and he recommends that for warm- 
blooded animals » be taken, at least provisionally, as 2/3. 
The 0.73 power has been suggested by Brody (’34), Kleiber 
( ’32), and the Committee on Animal Nutrition of the National 
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Eesearcli Council (’35). The individual total heat values 
for our rabbits were divided by several different powers of 
their body weights (in all eases expressed as Mlograms) from 
0.50 to 1.00 and plotted with reference to weight on each basis. 
For all the powers between 0.61 and 0.73, we consider that the 
general trend of the data is best indicated by a straight line, 
but for powers above and below these the median deviates 
from a straight line. Between the weight limits of 1 to 7 kg., 
the values for the heat production per are almost 

exactly one-tenth of the values per square meter of calculated 
surface area. Hence figure 2 (using the right-hand scale) 
shows the trend of the data per ‘W® ®®’ as well as per unit of 
surface area. For all powers of W between 0.61 and 0.73, 
the percentage deviations of the measured values from the 
medians are of essentially the same magnitude in the respec- 
tive weight groups. In table 1, column m, the sums of the 
plus and the minus deviations for each weight group are 
given for the heat production per W® ’®, as an example. Since 
the 0,73 power is one of the limits of the powers showing a 
straight-line relationship between heat production per W“ and 
weight, the plus and the minus deviations for the several 
weight groups do not balance each other so weU as is the case 
when the heat production is expressed with reference to other 
powers of the weight within the limits of the powers 0.61 
and 0.73. The sums of the plus and the minus percentage 
deviations as recorded in column m of table 1 and the agree- 
ment of the calculated values with the measured values in 
columns n and o show that the straight-line curve correctly 
indicates for each weight group the average heat production 
per "W’® ''®. As this is also true for the other powers of W from 
0.61 to 0.73, the heat production per W* for values of n between 
these limits is related to weight by an equation of the first 
degree. 

Totc^ heat production as a parabolic function of the weight. 
As, theoretically, the heat production at zero weight would be 
zero, and as the basal total heat production of rabbits weigh- 
ing from 1 to 7 kg. increases with the increase in weight, a 
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curve of the parabolic type passing through the origin or zero 
point would seem logically to apply to these data. The para- 
bolic curve best fitting these data is indicated by the equation 
h total — in which h total represents the total 24-hour 
heat production and W, the weight in kilograms. In column 
g of table 1 are given the sums of the plus and the minus per- 
centage deviations of the measured heat production from the 
metabolism as indicated by this parabolic curve. The dif- 
ference between these two sums for each weight group shows 
that this curve does not fit the data so well as the straight- 
line curves. Other parabolic curves have been proposed for 
relating heat production to weight. Brody has proposed the 
formula htotai = 70.5W®-'^®* and Kleiber, htotai = 72W®-’’®. 
Neither of these conforms well to our data for the rabbit. 
Although at 7 kg. the heat values as predicted by the formulas 
of Brody and Kleiber are about the same as the average trend 
of the total heat production of our rabbits, at 1 kg. the values 
predicted by these formulas are 14% and 16%, respectively, 
above the average trend of our data at this point. However, 
the formulas of Brody and Kleiber are based on differences 
in size over a wide weight range, including many different 
animal species. 

Comparison of the valid simple relationships of heat pro- 
duction to size. The rabbit’s metabolism has been shown to 
have a linear relationship to weight when expressed as the 
total heat production, the heat production per square meter 
of surface area, and the heat production per W” for values 
of n from 0.61 to 0.73. In all instances, however, the straight- 
line curves representing this relationship have an upward 
slope and are not horizontal. Hence, we have found no means 
of equalizing differences in the sizes of rabbits whereby a 
single value will accurately express, on the average, the basal 
metabolism of aU rabbits. Whether such a constant relation- 
ship would be shown if the surface areas of our rabbits had 
been actually measured instead of calculated is a question that 
caimot be answered by our data. The measurement of the sur- 
face areas would probably result in a more exact factor for cal- 
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culating the area but probably would not eliminate the differ- 
ences in heat value per square meter unless it happened that 
the factors varied according to iacreasing weights. The next 
question is, which straight-line curve will best express the 
rabbit’s basal metabolism. "When the sums of the plus and 
the minus deviations of the measured values from those calcu- 
lated (for the same weight group) from each of the several 
straight-line curves are compared (recorded in columns c, i, 
and m of table 1 for three of the curves), the closest balances 
between the plus and the minus values in the several weight 
groups are those noted in column c for the total heat produc- 
tion. This signifies that the curve for total heat production 
expresses most accurately the relationship between the 
rabbit’s heat production and its weight. In columns f, 1 and p 
of table 1 the standard deviations of the measured from the 
calculated metabolism, expressed as percentages, have been 
recorded for each weight group on the bases of total heat pro- 
duction, heat production per square meter of surface area, 
and heat production per W® ''®. The standard deviations are 
practically alike on all three bases for each weight group. For 
all seventy-four rabbits the standard deviations are also es- 
sentially the same on all three bases (see last horizontal line 
of values in table 1). Of aU the relationships studied, al- 
though several were nearly as good, the best and likewise the 
simplest relationship found was the linear relationship be- 
tween total heat production and body weight. The exact ex- 
pression of this relationship is htot»i = 39.35W -j- 22.5. For 
practical purposes, however, the equation htotai = 4:0W -f-20 
will serve as a more convenient method of calculation. "With 
other animal species straight-line relationships between total 
heat production and increase in weight within the individual 
species have also been found, but the rates of increase in total 
heat production with increase iu weight are not alike for all 
species (Benedict, ’38). 

Heat production of the rabbit compared with heat produc- 
tions of other animals of the same weight. Comparison of the 
heat production of the rabbit with the heat productions of 
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other •warm-blooded animal species of approximately the same 
weight is of general physiological interest. The comparison 
is best based on studies made by the Nutrition Laboratory, as, 
from the standpoint of technic, the conditions of measurement 
of the different animal species were thus the most uniform. 
The results obtained ■wdth the various animal species studied 
by the Nutrition Laboratory and by one or two other investi- 
gators have been summarized by Benedict (’38). The data 
for the rabbit given by Benedict include, in part, the basal 
values reported by Lee ( ’39) and, in part, the values reported 
by a few other investigators. Hence, Benedict’s average for 
the rabbit is slightly different from the value given in this 


TABLE 2 

Comparison of total heat production of warm-llooded animals of Wee weight^ 


WEIGHT 
IN’ HILO 


CALORIES 

(average) per 24 HOURS 



GRAMS 

Balibit 

Wild birds 

Marmot 

Macaque 




Oat 

1 

61.9 

87.5 







2 

101.2 

130.0 

62.5 



112.0 


100.0 

3 

140.6 

172.5 

81.0 

167.0 

173.5 

146.0 

157.0 

152,5 

4 

179.9 

216.0 

100,0 

199.0 

222.5 




5 

219.3 

259.0 


232.0 i 

272.5 


i 



^Data for rabbit derived from curve in. figure 1; data for other animals 
derived from curves in figure 29 in the monograph of Benedict (^38). 


present study. For the best comparison of the rabbit’s 
metabolism •with that of other warm-blooded animals of the 
same weight, the heat productions at different weights within 
the range from 1 to 5 kg. have been recorded in table 2 on the 
basis of total heat production. The values for all the animals 
except the rabbit have been obtained from the curves sho'wn 
by Benedict in figure 29 of his monograph. For the rabbit, the 
values have been derived from figure 1 of this present paper. 
It is unfortunate that so few values for mammals are available 
at this weight range. One of the mammals, the marmot, is a 
hibernating animal, and its total heat production, even under 
normal, awake conditions, is much lower than that of other 
warm-blooded animals of like weight. Of the eight animals 
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represented in table 2, four are birds. It is generally recog- 
nized that birds have a higher metabolic level than mammals. 
Therefore, the comparison in table 2 is far from ideal. If it is 
legitimate to draw any conclusion from these few values, it can 
be stated that the rabbit has a metabolism slightly below the 
average levels of the other animals, except for the marmot. 

On the basis of the average heat production per square 
meter of surface area (using for the rabbit figure 2 of this 
paper and for other warm-blooded animals of like weight 
Benedict’s general curve for animals weighing from 20 gm. 
to 4,000 kg., given in figure 44 of his monograph), we find the 
following comparison: 

Body weight, kg. 1 2 3 4 5 6 

Calories per square meter 

Benedict's average 680 708 720 742 753 762 

Babbit 606 642 678 714 750 786 

Here it is apparent that the rabbit’s metabolism is below 
the general average at the lower weights but agrees with the 
general average at 5 kg. No attempt has been made in the 
above comparison to refine the calculations for the rabbit to 
correct for its relatively greater ear area as compared with 
that of other animal species, for we are concerned here not 
with the relationship between heat loss and surface area but 
with the relationship between heat production and size 
(weight). 

STJMMABT 

There is no known method of equalizing differences in the 
sizes of rabbits, which have a sevenfold range in adult 
weights, whereby a single value will accurately express the 
average basal metabolism of all rabbits. Within the rabbit 
species the relationship between basal metabolism and size is 
best expressed by referring the total heat production to the 
weight. For each kilogram increase in weight above 1 kg. 
up to 7 kg., the total heat production increases at a constant 
rate and can be predicted by the equation h^otai = 40W -|- 20, 
in which htot^i represents Mlogram-calories per 24 hours and 
W, the weight in kilograms. Other simple linear relationships 
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between metabolism and size are found when the heat produc- 
tion is expressed per square meter of surface area and per 
W“ for values of n between 0.61 and 0.73, inclusive. The total 
heat production of the rabbit is slightly below the average 
metabolism of other warm-blooded animals of like weight, 
with the exception of the marmot. At 5 kg., its average heat 
production per square meter of surface area agrees with the 
general average for other warm-blooded animals, but at the 
lower weights it is below the general average. 
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RESTORATION OF FERTILITY IN SUCCESSIVELY 
OLDER E-LOW FEMALE RATS " 

GLADYS A. EMERSON AND HERBERT M. EVANS 
Institute of Experimental Biology, University of California, BerTceley 


(Eeeeived for publication June 24, 1939) 


Several years ago it was noted in tins laboratory that the 
usual ‘curative’ dose of wheat germ oil did not invariably lead 
to the birth of living young when administered later than the 
first half year of life to E-low female rats of proved sterility. 
This led to standardization of the test animal as a female 
imder 6 months of age whose trial resorption gestation was 
begun at 60 days. 

In the study herein presented, nearly 300 rats, ranging 
in age from 3 to 18 months, have been given graded doses of 
wheat germ oil. All rats were reared on the standard E-low 
diet 427 ^ and were bred for their trial gestation at the first 

^ Aided by grants from the Board of Eeseareh and from the Department of 
Agriculture of the University of CSalifomia, from Merck and Company, Inc., and 
the Eockefeller foundation, ITew York. Assistance was rendered by the Works 
Progress Administration, Project no. 104:82-A5. The following materials were 
generously contributed: cod liver oil by E. E. Squibb and Sons, brewers^ yeast 
by The Vitamin Pood Company of New York, and wheat germ from which the oil 
was prepared by General Mills, Ihc. 

®Diet 427: 


Casein (commercial) 

% 

27 

Cornstarch (cooked) 

35 

Lard 

22 

Cod liver oil 

2 

Yeast 

10 

Salt mixture no. 185 

4 


(The mixed diet without the cod liver oil was allowed to stand for 2 weeks at 
room temperature to permit the rancid substances of the lard to destroy incipient 
traces of vitamin B. The cod liver oil was added just before feeding.) 
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pro-estms after the sixtieth day of age. The wheat germ oil 
was administered in a single dose hy stomach tube on the day 
vaginal spermatozoa were encountered in the case of the 
groups receiving the lower levels of oil. In the group re- 
ceiving 4 gm. of wheat germ oil, a 2-gm. dose of the oil was 
given on the first day and the remaining 2 gm. on the following 
day. In the case of the group on the 10-gm. level, five doses of 
2 gm. each were given on alternate days. 

Groups were bred at monthly intervals but in table 1, age 
groups which showed similar responses are combined. The 


TABLE 1 


Capacity of wheat germ oil to restore fertility to successively older 
female rats of proved sterility 


WHEAT 

GERM 

OIL 

AGE IK 
MOKTHS 

KtrHBBB 
OP COPU- 
LATIONS 

PLACENTAL 

SIGN 

NTTHBEB 

OP 

LITTBES 

PER CENT 
LITTERING 
AFTER 
SHOWING 
PLACENTAL 
SIGN 

AVERAGE 

NUMBER 

LIVING 

YOUNG 

PER LITTER 

gm. 



NuTfiber 

% 




0,5 

3-6 

21 

21 

100 

21 

100 

7.3 

0.5 

7-9 

34 : 

28 

82 

15 

54 

4.3 

0.5 


19 

16 

84 

1 

6 

5.0 

1.0 

7-9 

31 

22 

71 

13 

59 

6.5 


mmm 

30 

21 

70 

1 

5 

3.0 


WSM 

32 

23 

72 

10 

43 

5.4 

2.0 

11-12 

30 

16 

53 

1 

6 

3.0 


9-12 

30 

20 

67 

5 

25 

2.4 


11-12 

32 


63 

6 i 

30 

3.0 

10.0 

15-18 

24 

8 

33 

iHIHqIIII 

0 

0.0 


table shows that during the first half year of life, a single dose 
of 0.5 gm. of wheat germ oil invariably led to the birth of 
living young. An inferior outcome when 0.25 gm. wheat germ 
oil was fed has led us to designate 0.5 gm. as the minimal effec- 
tive single dose (MED) of wheat germ oil for the restora- 
tion of fertility. The same dose, when administered from the 
seventh to the end of the ninth month of life, led to the birth 
of living young in only half the cases, and when given from 
the tenth to the eleventh month, was almost entirely ineffi- 
cacious. A considerable elevation of wheat germ oil dosage 
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(two to four times) in the period elapsing from the seventh 
to the eleventh month does not snhstantiaUy increase the in- 
stances of the birth of living young. Yet pronounced eleva- 
tion of dosage does have an effect. From the eleventh to 
the twelfth month (a period, as has been mentioned, of virtu- 
ally complete ineffectiveness of the MED of wheat germ oil) 
an eightfold elevation of the dose (4 gm.) led to the birth of 
living young in approximately a third of the cases (although 
the litter size remained subnormal).® From the fifteenth to 
the eighteenth month of life the administration of as much as 
10 gm. of wheat germ oil did not lead to the birth of living 
young. 

Until the end of the first half year of life, interference with 
implantation was not observed. In a total of 1211 test animals 
3 to 6 months of age and of proved sterility, 94.7 % have shown 
the placental sign following the next positive mating. This 
figure happens to be actually somewhat above the average for 
our stock colony (93%). This is not in agreement with the 
reports of Bacharach et al. ( ’37, ’38) who state that they have 
found a clearly subnormal proportion of implantations in 
animals which had undergone a resorption gestation. Never- 
theless, a comparison of the instances of copulation and the 
implantations following shows that there is evidence of in- 
creasing failure in implantation as age progresses. Estab- 
lished occlusion of the oviducts from infection explained about 

*The possibility of inereasmg the number of instances of the birth of living 
young by fourfold dose increase of wheat germ oil was demonstrated by another 
group of twenty-two females on the E-low regimen but allowed to attain the 
ninth month of life without a trial gestation. Half of these received 1 gm., half 
of them 4 gm., of wheat germ oil on the inauguration of a test gestation. The 
results are subjoined. Here also the litter size was not improved bj quadrupling 
the dose. 


WHEAT 

azan 

OIL 

AGE IN 
MONTHS 

NUMBER 
OF COPU- 
LATIONS 

PLACENTAL 

SIGN 

NUMBER 

OF 

LITTERS 

PER CENT 
LITTERING 
AFTER 
SHOWING 
PLACENTAL 
SIGN 

AVERAGE 

NUMBER 

LIVING 

YOUNG 

PER UTTER 

gm. 



Number 

% 




1.0 

BB 

11 

10 

91 

4 

40 

4.5 

4.0 

■SB 

11 

10 

91 

7 

70 

4.^ 
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half of the implantation failures, but we are not yet ready 
to state to what extent actual failure of the implantation 
mechanism accounts for the remaining half of such eases. 
In animals 15 to 18 months old no implantation sites were ever 
encountered, although uterine bleeding had been observed. 

At autopsies, the uteri were invariably dark brown in color 
and were usually stiff and hard. Martin and Moore ( ’36, ’38) 
found that rats (whether virgins or with the history of a single 
resorption gestation) when maintained for long periods on 
a vitamin E-low diet, developed a brown uterus which could 
not be restored to normal color either by treatment with a 
vitamin E concentrate or by shift to a diet consisting of 
natural food. Barrie (’38) found that the uterine pigmenta- 
tion progressed with age. After 4 months on the diet there 
was a slight increase in the size of the uterus and definite, 
although slight, discoloration; after 5 months the discolora- 
tion and enlargement^ were more marked and the condi- 
tion was markedly expressed after 6 months. A resorption 
accelerated the appearance of the pigmentation. Barrie 
stated that the vitamin E requirement for restoring fertility 
increased as these changes advanced and postulated that 
pregnancy would be impossible if the uterine changes had 
progressed to an advanced stage. 

We have given some attention to the phenomenon of uterine 
pigmentation. Twenty-seven E-low rats approximately 6 
months of age were divided into three groups. Group 1 was 
maintained on the vitamin E-low diet throughout the experi- 
ment. Group 2 received 4 drops of wheat germ oil in addition 
to the vitamin E-low diet. Group 3 received 4 drops of wheat 
germ oil and were bred at the beginning of the experiment. 
All individuals were sacrificed at the end of 20 days. In 
agreement with the findings of Martin and Moore (’36, ’38), 
the uteri were as darkly pigmented after the administration 
of wheat germ oil as in the control group, if the animals were 

* The enlargement is not inTariable. The average weight of the uteri and ovi- 
ducts of fourteen of our E-low females 19 to 20 months old, with a history of 
two pregnancies, was 0.78 gm.j for eight natural-food virgin animala of the same 
age, the average figure was 1.31 gm. 
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not bred, but in tbe ease of pregnant animals given wheat 
germ oil (in all oases living fetnses were found) the uterus 
was normal in color.® 

In the present communication, we have contented ourselves 
with statements of fact and do not venture an explanation of 
the increasing reproductive disability of increasingly older 
vitamin E-low females. The need for elevated dosage with 
E shown by older E-low females can, we feel, hardly be taken 
to indicate that the embryos require more E with advancing 
age of the mother, but is preferably interpreted as due to: 
(1) increasing incapacity of the placental mechanism to de- 
liver adequate vitamin E to the embryos, and (2) final failure 
of the implantation mechanism. 

SmOIAEY 

The reproductive performance of successively older vitamin 
E-low female rats permits us to recognize three periods : 

1. From the age of 3 to 6 months, at which time the re- 
sponse to a single dose of 0.5 gm. of wheat germ oil invariably 
leads to the birth of normal sized litters of living yoimg. Only 
this period can be recommended for assay studies. 

2. From the seventh to the twelfth month, at which time the 
response is variable; in the earlier part of this period only 
half the animals give birth to living young with this dosage 
(0.5 gm.) and these are undersized litters; moderate elevation 
of the dosage does not greatly change the result. Toward the 
eleventh month practically no animals respond to 0.5 gm. but 
even in this period great elevation of dosage shows a definite 
effect, for almost a third of such animals respond to 4.0 gm. 
of wheat germ oil, with living young but small litters. 

3. After the fifteenth month of life no response can be se- 
cured with a twentyfold increase of dosage. 

® Barrie (’38) observed a normal uterus in one instance of a female that had 
cast young. 
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A COMPAEISON OF CEEEAL AND NON-OEEEAL 
DIETS IN THE PEODHCTION OP PICKETS 

JAMES H. JONES 

Department of Physiological Chemistry , School of Medicme, 
University of Pennsylvania^ Philadelphia 

(Beeeived for publication July 12, 1939) 

In a series of articles Mellanby^ lias presented evidence 
indicating that cereal grains contain a specific anti-calcifying 
factor. This evidence was based principally upon the ob- 
servations (1) that there is a considerable variation in the 
rachitogenic properties of different cereals, (2) this difference 
could not be associated with either the total or relative 
amounts of calcium and phosphorus in the cereals studied 
and (3) the severity of the rickets produced was considerably 
decreased by a preliminary treatment of the grains with 
hydrochloric acid. Mellanby found that oatmeal produced 
more severe rickets than any of the other cereals investi- 
gated. Thomas and Steenboek (’36) in repeating some of the 
experiments of Mellanby, especially those of Green and 
Mellanby ( ’28) did not find a marked difference in the degree 
of rickets produced by corn, rolled oats, wheat and rice. 
Corn appeared to have slightly less calcifying action than the 
others. In an earlier publication Steenboek, Black and Thomas 
(’30) had observed that the equalization of the phosphorus 
content of various cereals by the addition of inorganic phos- 
phates did not make the cereals of equal value in calcifica- 
tion. These authors suggested that aU of the phosphorus 
from the various cereals may not be utilized to the same 

^For references to most of the articles by Mellanby see the papers by Bruce 
and Callow (^34), and Green and Mellanby (’28). 
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degree. A considerable portion of tbe pbospborus in cereals 
is in tbe form of inositolpbospbate wbicb is incompletely 
hydrolyzed in tbe intestinal tract. FoUo'wing tbe suggestion 
of Steenbock and associates, Bruce and Callow (’34) found 
that tbe addition of soditun inositolpbospbate to a bigb 
calcium-low pbospborus racbitogenic ration was less effective 
in increasing calcification than an equal amount of pbospborus 
as disodium pbospbate. Lowe and Steenbock (’36) later re- 
ported that tbe presence of liberal amounts of calcium carbon- 
ate further decreases tbe hydrolysis and thus tbe availability 
of inositolpbospbate. Lowe, Steenbock and Krieger (’39) have 
recently reported that pbytin pbospborus is less effective in 
increasing calcification in tbe chick than is an equal amount 
of inorganic pbospborus. 

In all of these experiments cereals and cereal products 
have been used as tbe greater part of tbe diets studied and 
tbe conclusions have been based principally upon tbe compari- 
son of one cereal with another. In an attempt to control tbe 
calcium, pbospborus and vitamin D content of tbe cereal diets 
other essentials frequently have been overlooked and in- 
adequately supplied. Furthermore tbe grains themselves have 
been relied upon to furnish some of tbe necessary factors. 
Consequently, when one grain has been substituted for another 
it is possible that tbe diets being compared have differed in 
respect to factors other than those directly concerned with 
calcification. By using a synthetic diet and supplying these 
factors as individually purified substances tbe danger of any 
deficiencies in this respect could be eliminated. Also the effect 
of a variation in these factors among diets containing different 
cereals could be reduced to a minimum. The basal diet of 
Green and Mellanby ( ’28) was composed partially of purified 
ingredients. However, casein was used as tbe protein which 
precludes tbe possibility of having a diet low in phosphorus. 
In addition they supplied vitamin A by adding rather large 
quantities of dried cabbage which contains various dietary 
essentials including small and inconstant amounts of vitamin 
D. Furthermore, these authors did not compare diets eon- 
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taining cereals with non-cereal diets which is possible when 
a diet based on individual components is employed. 

In a recent report by the present author (Jones, ’39) several 
practical, inexpensive and easily prepared rachitogenic rations 
composed of purified food materials were described. It was 
pointed out at that time, since severe rickets in the rat can 
be produced on purified diets it is improbable that cereals owe 
their rachitogenic properties to the presence of any specific 
anti-calcifying factor.' In the present paper are reported the 
results of more detailed studies in which three cereals have 
been compared with each other and simultaneously with non- 
cereal diets in their ability to promote calcification in the rat. 

EXPEEIMENTAL PART 

The rats used in these studies were placed on the ex- 
perimental diet at approximately 25 days of age. They were 
kept in individual cages and except in one series of experi- 
ments daily food consumption of each animal was followed. 
After 21 days the animals were bled under ether anesthesia. 
The sera were analyzed for calcium by the method of Clark 
and Collip (’25) and for phosphorus on the calcium-free 
filtrate by the method of G-unther and G-reenburg (’29). The 
right femurs were removed for the determination of the per- 
centage of ash and the wrist bones for examination by the 
line test technic. The ash was determined on the dry, fat- 
free bone. 

Several series of experiments were carried out. In each 
series five different diets were studied simultaneously with 
representative litter mate rats on each diet. Grains formed 
the priQcipal part of three of the diets while the other two 
were composed primarily of purified materials. In the first 
series the basal diet consisted of alcoholic extracted fibrin 
18%, yeast 5%, salt no. 5 (Jones, ’39) 5.3%, agar 2% and 
carotene solution 0.1%. The diets were completed by adding 
respectively rolled oats, wheat, yellow corn, dextrinized corn- 
starch or sucrose to make 100%. The latter two diets are 
the same as rations no. 570 and no. 573 previously described 
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(Jones, ’39). The particular grains were chosen because they 
were employed in some of the experiments referred to above 
and because of their widespread use in human and a nim al 
nutrition. Dextrinized cornstarch was used in order to include 
a comparatively pure cereal product. The ration containing 
sucrose was free of either cereals or their products. The 
total phosphorus content of these diets expressed in per cent 
is as follows : rolled oats 0.36, wheat 0.31, corn 0.26, dextrin 
0.09 and sucrose 0.09. Phytin phosphorus was determined on 
the jSxst three of these diets by the method of Harris and 
Mosher (’34) with the following results: oats diet — 0.26%, 
wheat diet — 0.22% and the corn diet 0.18%. The diets were all 
comparable in respect to calcium as 3% calcium carbonate 
was added to each. The results of this series as well as the 
following series of experiments are summarized in table 1. 

A significant portion of the phosphorus in the above diets 
was present in the yeast. In the next series of experiments 
(series 11) the phosphorus content of the grain diets was 
decreased by omitting the yeast which reduced the phosphorus 
in each case by about 0.05%. Grains do not contain sufficient 
quantities of all of the vitamin B factors for optimum growth 
in the rat in long-time experiments. However, it is generally 
considered that in experiments of short duration no marked 
deficiencies develop when any of the common cereal grains 
form the greater part of the diet. In the following experi- 
ments this apparently was true because growth on the grain 
diets was as good as on the non-cereal diets. The latter con- 
tained 5% yeast. The agar was also omitted from the grain 
diets of this and the subsequent series. This same experiment 
was repeated but the femurs were not analyzed for ash. Con- 
sequently, the results of the second experiment on these same 
diets are not included in the table, but, aside from the bone 
ash, they agreed with those presented in table 1 (series II). 

Green and Mellanby emphasized the necessity of having a 
diet low in calcium in order to demonstrate the presence of 
the anticalcifying factor. In the next series (HI) the same 
diets as in series H were fed with the exception that salt no. 10 
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at a level of 3.3% replaced salt no. 5. Salt mixture no. 10 
is composed of the foUevring ingredients expressed in rela- 
tive parts by weight : NaCl 1, CaCOj 1, KCl 1, MgS 04 (an- 

TABLE 1 


The comparative raohitogemo action of various cereal and non-cereal diets 


DIET 

NUMBER DAIIiT POOD 
OP OON- 

ANIMAlriS SUMPTION ^ 

GAINS IN 
weight! 

SEBUM 2 

Calcium Phosphorus 

PEMX7B ASH ! 



gm. 

gm. 

mg. f 100 cc. 

mg. i 100 cc. 

mg. 

% 




Series I 




Oats 

6 

7.8 

40.3 

13.1’ 

4.3’ 

42.2 

39.6 

Wheat 

6 

8.3 

37.4 

14.1’ 

4.3’ 

28.5 

33.2 

Com 

6 

7.9 

28.8 

11.9’ 

2.8 » 

17.5 

23.1 

Dextrin 

5 

5,5 

20.0 

12.7’ 

2.1’ 

13.8 

20.2 

Sucrose 

5 

5,8 

20.8 

12.8’ 

2.7’ 

19.2 

26.1 




Series II 




Oats 

3 

6.6 

27.0 

13.0 

3.2 

25.0 

31.5 

Wheat 

4 

7,2 

26.2 

12.7 

3.3 

28.6 

31.0 

Com 

3 

6.4 

15.3 

12.5 

2.8 

16.2 

21.0 

Dextrin 

3 

6.8 

26.7 

12.0 

2.1 

19.5 

22.8 

Sucrose 

3 

7.1 

24.0 

12.5 

2.2 

21.9 

24.6 




Series III 




Oats 

3 

7.4 

48.3 

11.7 

7.6 

61.1 

43.6 

Wheat 

3 

8.7 

48.0 

12.1 

5.9 

53.5 

41.5 

Com 

3 

7.8 

36.3 

11.8 

4.4 

35.3 

34.7 

Dextrin 

3 

7.9 

33.3 

13.2 

3.7 

25.2 

25.8 

Sucrose 

3 

6.8 

27.0 

12.7 

3.9 

18.7 

23.2 




Series IV 




Oats 

3 

5.7 

21.3 

5.8 

9.3 

34.1 

41.2 

Wheat 

3 

6.9 

21.3 

5.4 

9.1 

30.4 

37.8 

Com 

3 

6.8 

27.3 

5.8 

8.3 

34.0 

38.6 

Dextrin 

3 

8.2 

37.3 

8.9 

4.5 

27.5 

33.1 

Sucrose 

3 

6.5 

21.0 

6.2 

5,5 

22.7 

30.6 




Series V 




Oats 

3 


7.3 

5.6 

11.1 

31.3 

37.9 

Wheat 

3 


8.7 

7.3 

12.7 

27.7 

35.2 

Com 

3 


8.6 

6.1 

10.8 

28.6 

35.1 

Dextrin 

4 


15.0 

5.2 

23.0 

28.3 

35.0 

Sucrose 

4 


10.2 

lost 

lost 

29.9 

36.8 


^Average of all aiiimals on each diet, 
* Analyses on pooled samples. 
’Average of two pooled samples. 
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hydrous) 0.2, ferric citrate 0.1 and KI 0.004. Thus the diets 
used in series III differed from those in series II only in their 
content of calcium carbonate which was reduced from 3% 
to 1%. 

In series IV no calcium was added; otherwise the diets were 
the same as in series 11 and III. The calcium content of these 
diets in per cent was as follows : rolled oats 0.08, wheat 0.08, 
corn 0.05, dextrin 0.06 and sucrose 0.06. 

As a final series (V) the same diets as those of series IV 
were used except that phosphorus was added to each. This 
was done by feeding at a 4% level the Steenbock-Nelson salt 
no. 40 ( ’23) modified by omitting the calcium salts but keep- 
ing the phosphorus at the original level by the addition of 
disodium hydrogen phosphate. The amount of phosphorus 
added to each diet was approximately 0.5%. Food consump- 
tion records were not obtained in this series of experiments, 
but it was obvious that all the animals ate considerably less 
than in any of the other experiments. 

DISCUSSION OP EESULTS 

As seen from the results presented in table 1 there is a 
considerable difference in the degree of calcification produced 
on the various diets. In the first two series the diets were 
high in calcium and comparatively low in phosphorus. The 
cereal diets, however, contained considerably more total phos- 
phorus tjban the non-cereal diets with the oats and wheat 
having a higher content than the corn. The degree of calcifica- 
tion, as judged by the bone ash and the concentration of in- 
organic phosphate in the serum, were considerably greater 
with the rolled oats and wheat diets than with the corn diet. 
In the latter ease the results obtained were very similar to 
those on the non-cereal rations in which the total phosphorus 
was approximately one-third that of the com. In the first 
series the gains in weight on the corn were intermediate be- 
tween the two non-cereal diets and those containing either 
rolled oats or wheat. The consumption of the com diet, how- 
ever, was equal to that of the oats or wheat, whereas the food 
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intake on tlie non-cereal diets was somewhat less. As seen 
from the table this difference in food consumption between the 
cereal and non-cereal diets was not observed in the other 
experiments and thus cannot be considered as significant. In 
series II weight gains on the corn diet were the least of any 
of the groups, but with only three animals in each group not 
much importance can be attached to these differences. Food 
consumption was nearly the same for all groups in this series. 

When the calcium carbonate was reduced to 1% as in series 
ni the grain diets all produced considerably more calcification 
than either of the synthetic diets. In this case, with respect to 
their ability to produce calcification, the com ration is inter- 
mediate to those of the other two grains and the non-cereal 
diets. The gains in weight were also less on the corn diet 
than on the other cereals although, as in the previous experi- 
ments, food consumption was about the same. 

When no calcium was added as in series IV, the diets 
became essentially low calcium diets and the limiting factor 
for calcification was probably calcium and not phosphorus. 
As the calcium contents of all these diets were nearly equal, 
the degree of calcification expected would also be about the 
same. As the data show, this is true especially for the grain 
diets. The two non-cereal diets were very low in phosphorus 
and it is possible that in these cases phosphorus was still a 
limiting factor. The rather low levels of serum phosphate of 
the animals of these groups as compared with those on the 
grain diets are additional evidence that this was the case. 

In series V sufficient phosphorus was added to all diets to 
assure an excess of this element. A deficiency of calcium was 
definitely the factor limiting calcification in each of these 
rations. The deficiency was of nearly the same degree in aU 
groups and, as the data show, there was no apparent difference 
in calcification. Several of these animals showed definite 
tetany during the experiment which probably accounts for 
the very high phosphorus in the serum of the annuals on the 
dextrin diet. Although this determination was not checked 
with a duplicate, we have observed at various times extremely 
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Mgli levels of serum inorganic phospliorus during attacks of 
tetany. 

Tke results of tlie examination of the wrist bones by tbe 
Hne test technic were in general in accord with the findings in 
other respects. Almost without exception the uncalcified 
areas at the metaphyses were wider and more regular on the 
synthetic diets than on the cereal diets. This was especially 
true of series III, although the difference was also very 
definite in series IV. In the latter series the metaphyses of 
the animals on the grain diets appeared practically normal 
but were considerably widened on the non-cereal diets. In the 
last series of experiments there was no widening of the meta- 
physes. As judged by this criterion in series I and 11, corn was 
markedly more rachitogenic than either of the other cereals 
and wheat was slightly more rachitogenic than the roUed oats. 

The above data are in accord with the hypothesis that the 
calcifying power of cereals is dependent primarily upon their 
contents of calcium and available phosphorus. Thus in the 
first two series of experiments the phosphorus was the limit- 
ing factor with corn containing less than either rolled oats or 
wheat. In series HI, by reducing the amount of calcium 
carbonate a larger proportion of the phosphorus of the cereal 
diets became available, and their calcifying properties were 
definitely increased. The non-cereal diets, however, were 
stiU rachitogenic as the total phosphorus was low and, even 
if all absorbed, was not sufficient to prevent rickets. The 
difference in calcification exhibited by the a nim als on these 
diets therefore can be directly explained by a difference in 
the amount of utilizable phosphorus. In contrast to this, when 
phosphorus but no calcium was added to the diets, the extent 
of calcification was limited by the calcium. Inasmuch as aU 
of the diets were nearly equal in their content of calcium, 
the degree of calcification would be expected to be approxi- 
mately equal. Thus it is seen that when phosphorus is the 
limiting factor there is a difference in the calcification pro- 
duced on the various diets because the amount of available 
phosphorus is not the same in each case. In contrast to this, 
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when calcium is the limiting factor and an excess of phos- 
phorus is added, there is no appreciable difference in the 
calcification produced on the several diets because their 
calcium contents are all approximately the same. 

SUMMARY ANI> CONOLUSIONS 

Eolled oats, wheat, yellow corn, dextrinized cornstarch and 
sucrose have been compared with respect to their ability to 
promote calcification by feeding them as supplements to a 
basal mixture consisting of alcoholic extracted fibrin, carotene 
and a salt mixture complete except for calcium and phos- 
phorus. With the calcium content of the diet high (3% calcium 
carbonate) and no phosphorus added, roUed oats and wheat 
definitely produced more calcification than did corn or either 
of the non-cereal rations. When the calcium carbonate was 
reduced to 1%, calcification on all of the cereal diets was 
considerably increased whereas there was no apparent in- 
crease associated with the dextrin or sucrose diets. Quite 
similar results were obtained when the calcium was omitted 
entirely, although the difference in calcification between the 
cereal and non-cereal diets was less. 

When phosphorus was added to the low-calcium diets, there 
was no detectable difference in the calcification produced on 
any of the diets. 

The above data are discussed in regard to the relation of 
the amount of calcium and available phosphorus in the diet to 
calcification in the rat. 

No evidence was obtained in support of the view that cereal 
grains contain a specific anti-calcifying factor. 
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The recognition of riboflavin as a specific member of the 
vitamin B complex necessitates a reappraisal of the available 
figures for its distribution in biological materials. Many of 
the earlier assays for the water soluble, heat stable vitamin 
were believed to be tests for only riboflavin, but they were, 
in reality, measures of more than one factor. Hoagland ( ’29) 
reported the antiueuritic and water soluble B vitamin content 
of beef and pork. Hoagland and Snider (’30) estimated “the 
vitamin G- in certain meats and meat products.” The vitamin 
G in beef and veal has been determined by the rat growth 
method of Day (’31) and in the organs of lambs by Pierson 
(’34). 

"When crystalline riboflavin became available for standard- 
ization purposes, various speetrographic and colorimetric 
procedures were developed, thus providing additional figures 
for the occurrence of this compound in natural products. These 
methods have been criticized by EUinger (’38). The crystal- 
line riboflavin permitted the use of a definite standard in the 
biological methods which increased their accuracy. The values 
in the literature previous to 1934 on the distribution of ribo- 
flavin are not of a quantitative nature. In this paper we wish 

* Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 

® Supported in part by a grant from the National Live Stock and Meat Board 
made through the National Research Council. 


517 



518 


OLAF MIOKBLSBSr AKD OTHERS 


to report the amount of riboflavin in meats and meat products 
as determined by the microbiological method. 

EXPERIMENTAL PART 

These assays have been made by the bacteriological tech- 
nic developed by Snell and Strong (’39). This method 
depends upon the growth of a specific strain of Lactobacillus 
casei on a media deficient in riboflavin. The basal media 
consists of 0.5% photolyzed, NaOH-treated peptone, 1% glu- 
cose, 0.01% cystine, a riboflavin-free yeast activator equi- 
valent to 0,1% of the original yeast extract and a salt mixture. 
Five cubic centimeters of the basal media were pipetted into 
ordinary test tubes kept in a large metal rack. The supple- 
ment to be assayed and sufficient water to give a volume of 
10 ec. were added to each tube. 

The tissues assayed in this series were prepared for drying 
according to our previously described method and in many 
cases were the same samples as those used in our earlier 
work (Mickelsen, "Waisman and Elvehjem, ’39). The protein, 
fat and moisture analyses of samples 32 to 72 are given in 
the first paper, the values for the remaining samples are 
given in table 1. The riboflavin content of the material 
to be assayed was first roughly determined in a preliminary 
run so that a suitable weight of the sample could be used. 
As a result of this test, the kidney and liver were used 
at a level of 0.1 gm. and the other tissues at 1.0 gm. The 
accurately weighed tissue was placed in a test tube containing 
about 10 ec, of warm water. This was then homogenized in 
the apparatus described by Potter and Elvehjem (’36), The 
un i form mixture was then quantitatively transferred to a 
50 CO. centrifuge tube and diluted to 35 cc. with water. These 
tubes were autoclaved at 15 pounds pressure for 15 minutes. 
As soon as the tubes cooled, they were centrifuged. The 
supernatant liquid was poured into a 100 cc. volumetric flask. 
The residue was suspended in about 20 cc. of water and centri- 
fuged again. The washings were added to the original extract 
in the volumetric flasks. All extracts were finally diluted to 



TABLE 1 

Composition of some of the animal tissues used in these studies * 


Meat 

Meat 

process 

Meat 

sample 

Moisture in 
origiTiaZ 
sample 

Fat in 
dried 
sample 

Protein 
in dried 
sample 




% 

% 

% 

Beef brain 

Dried 

77 

. . . 

45.3 

44.6 

Beef heart 

Dried 

73 

78.7 

8.4 

73.6 

Beef heart 

Stewed 

87 

... 

9.0 

80.1 

Beef kidney 

Dried 

81 

77.2 

11.5 

73.0 

Beef kidney 

Dried 

SA 

79.2 

9.3 

74.6 

Beef kidney 

Stewed 

85 

. . . 

10.0 

75.6 

Beef kidney 

Stewed 

112 


12.2 

73.2 

Beef liver 

Dried 

98 


18.9 

64.1 

Beef liver 

Dried 

no 

. . . 

13.9 

66.1 

Beef liver 

Pried 

99 

... 

17.0 

61.0 

Beef liver 

Pried 

111 


17.0 

67.2 

Beef lung 

Dried 

78 

. . . 

10.6 

73.4 

Beef pancreas 

Dried 

79 

. . . 

19.2 

66.6 

Beef pancreas 

Dried 

113 

. . . 

24.0 

60.5 

Beef round 

Dried 

105 

72.3 

12.8 

71.6 

Beef round 

PVied 

106 

... 

22.4 

66.8 

Beef round 

Boasted 

107 

... 

19.0 

70.0 

Beef spleen 

Dried 

76 

. . . 

9.0 

66.3 

Beef spleen 

Dried 

108 

. . . 

8.3 

69.4 

Beef spleen 

Stewed 

88 

. . . 

7.0 

73.8 

Beef spleen 

Stewed 

109 

... 

8.3 

72.8 

Beef tongue 

Dried 

82 

72.2 

42.4 

49.4 

Veal hindquarters 

Dried 

103 

73.1 

4.3 

80.7 

Veal liver 

Dried 

97 

71.0 

15.4 

64.7 

Lamb, leg of 

Dried 

80 

74.2 

14.0 

74.3 

Lamb liver 

Dried 

96 

71.0 

17.0 

68.7 

Pork ham 

Dried 

95 

75.6 

11.8 

75.1 

Pork ham 

Dried 

114 

72.9 

19.7 

67.0 

Pork ham 

Dried 

118 

72.7 

20.3 

68.6 

Boiled ham 

Dried 

101 

67.1 

12.2 

61.6 

Boiled ham 

Dried 

115 

65.4 

15.7 

62.4 

Smoked ham 

Dried 

102 

71.5 

11.6 

59.3 

Smoked ham 

Dried 

116 

70.6 

15.4 

57.9 

Tender ham 

Dried 

117 

65.6 

14.7 

58.4 

Tender ham 

Dried 

119 

67.0 

17.7 

60.0 

Pork heart 

Dried 

104 

77.7 

9.8 

79.5 

Pork kidney 

Dried 

83 

78.1 

13.2 

73.0 

Pork liver 

Dried 

86 

67.8 

9.7 

54.1 

Pork loin 

Dried 

74 

71.8 

24.4 

66.2 

Pork loin 

Dried 

89 

66.6 

33.4 

59.5 

Pork loin 

Dried 

90 

71.4 

9.7 

81.6 

Pork loin 

Dried 

91 

70.0 

24.4 

63.6 

Pork loin 

Dried 

92 

70.1 

34.5 

56.0 

Pork loin 

Pried 

93 

. . . 

32.6 

59.6 

Pork loin 

Boasted 

94 

... 

25.8 

68,6 


* Par analyses of samples 32-73 see J. Nutrition, vol. 17, p. 272 ( '39). 
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100 cc. and various aliquots of this solution were added to the 
basal media in the test tubes. In order to prevent the growth 
of microorganisms in the tissue extract, a small amount of 
chloroform was added to each sample. Control runs indicated 
that this and similar preservatives had no influence on the 
results of the method as long as care was exercised to prevent 
the addition of globules of chloroform to the test tubes. 
Usually, as a trial run, 0.5, 1.0 and 1.5 cc. of this solution were 
used. All assays were run in duplicate. In each series of 
assays standard tubes with graded levels of crystalline ribo- 
flavin were also set up. After the tubes were made up to 
volume, they were stoppered with cotton plugs and autoclaved 
for 15 minutes. Shortly after the tubes cooled, they were 
aseptically inoculated with a normal saline suspension of a 
freshly cultured Lactobacillus casei. The tubes were then 
incubated at 37° for 3 days. At the end of this period, the 
acidity in all tubes was detemained by titration with N/10 
NaOH. A reference curve was plotted from the titration 
values of the standard tubes containing the crystalline ribo- 
flavin. This curve was used in determining the riboflavin 
content of the unknown samples. Within a certain range, the 
amount of acid produced by the organism is directly propor- 
tional to the concentration of riboflavin in the media. All the 
work involved in the preparation of the extracts as well as the 
incubation was performed away from bright light so as to 
avoid a possible destruction of riboflavin in the aqueous solu- 
tion. 

Snell and Strong (’39) reported a series of assays on 
biological naaterials both by the bacteriological and rat growth 
methods. Both tests gave the same values for riboflavin 
which was conclusive evidence for the validity of the values 
secured by these assays. We have run similar parallel assays 
on some of our meats and meat products. The results secured 
by the rat growth and microbiological assays fully confirmed 
the previous results. 

Simultaneous assays of the fresh and the dried material 
at equivalent levels showed that there was no destruction of 
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riboflavin during our drying process. A sample of pork 
liver (no. 122) was analyzed in both tbe fresb and the dried 
condition. Tbe fresb sample was assayed by tbe bacteriologi- 
cal method shortly after tbe meat arrived from tbe abattoir. 
Tbe same sample was also assayed as soon as it was dried. 
Tbe fresb tissue contained 80 micrograms of riboflavin per 
gram on tbe dry weight basis, which agrees with tbe 85 micro- 
grams per gram in tbe dry sample. 

Tbe results of tbe bacteriological assays (table 2) furnish 
additional confirmation for tbe high content of riboflavin in 
tbe livers and kidneys of all animals. Beef liver has varied 
between 105 and 125 mierograms of riboflavin per gram of 
dried material. Veal bver feU within tbe same range with a 
variation between 100 and 135 micrograms of riboflavin. Lamb 
liver, containing 90 micrograms and pork liver 80 to 90 micro- 
grams per gram, showed a lower content of riboflavin. Tbe 
dried beef kidney contained 90 to 100 micrograms per gram 
while pork kidney bad 90 to 92 micrograms of riboflavin per 
gram. Next in potency came pork heart with 50 micrograms 
of riboflavin per gram while beef heart was slightly lower than 
this with 36 micrograms per gram. Tbe pancreas of beef came 
next in order with 17 to 19 mierograms per gram followed 
by beef lung which contained 15 mierograms of riboflavin per 
gram. Tbe remainder of tbe tissues including tbe muscular 
portions of the animals assayed contained approximately 10 
mierograms of riboflavin per gram. One marked exception to 
this is tbe bgbt meat of poultry, two samples of which con- 
tained only 3 mierograms of riboflavin per gram whereas one 
sample of dark meat contained 10 mierograms per gram. 

in studying tbe influence of cooking on tbe riboflavin con- 
tent of these tissues, a large cut of meat was secured and 
prepared according to our previously described method 
(Mickelsen, Waisman and Elvebjem, ’39). One-half of it was 
cooked and then prepared for drying, whereas the other half 
was dried i mm ediately. These studies revealed that stewing 
bad no perceptible influence on tbe riboflavin content. The 
stewed beef kidney, stewed beef heart and stewed beef spleen 
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TABLE 2 

The rihofiavin eon.ten,t of meat and meat products 


Meat 

Meat 

procesB 

Meat 

sample 

Flavin content /gm. 

Fresh Dry 

Beef brain 

Dried 

57 

2.5 

12 

Beef brain 

Dried 

77 


11 

Beef heart 

Dried 

73 

7.6 

36 

Beef heart 

Stewed 

87 

. . . 

37 

Beef heart 

Stewed 

54 

. . . 

34 

Beef kidney 

Dried 

49 

21.1 

100 

Beef kidney 

Dried 

81 

22.8 

100 

Beef kidney 

Dried 

84 

18.7 

90 

Beef kidney 

Stewed 

85 


90 

Beef kidney 

Stewed 

112 


85 

Beef liver 

Dried 

98 

. . . 

105 

Beef liver 

Dried 

110 

. . . 

125 

Beef liver 

Pried 

99 

. . . 

65 

Beef liver 

Pried 

111 

• . . 

86 

Beef lung 

Dried 

78 

• . . 

15 

Beef pancreas 

Dried 

64 

5.5 

17 

Beef pancreas 

Dried 

79 


19 

Beef pancreas 

Dried 

113 

. . . 

19 

Beef round 

Dried 

40 

. . . 

9 

Beef round 

Dried 

105 

1.9 

7 

Beef round 

Fried 

42 


6 

Beef round 

Pried 

106 

* . . 

5 

Beef round 

Boasted 

107 

• » . 

5 

Beef spleen 

Dried 

59 

3.5 

15 

Beef spleen 

Dried 

76 

• • • 

13 

Beef spleen 

Dried 

108 

• » • 

16 

Beef spleen 

Stewed 

88 

• t • 

13 

Beef spleen 

Stewed 

109 


15 

Beef tongue 

Dried 

82 

2.2 

8 

Veal hindquarter 

Dried 

56 

2.4 

10 

Veal hindquarter 

Dried 

103 

2.4 

9 

Veal hindquarter 

Pried 

45 

• • • 

11 

Veal liver 

Dried 

70 

* • • 

100 

Veal liver 

Dried 

97 

39 

135 

Lamb, leg of 

Dried 

55 

3.6 

13 

Lamb, leg of 

Dried 

80 

2,8 

11 

Lamb liver 

Dried 

96 

26 

90 

Pork ham 

Dried 

32 

2.7 

10 

Pork ham 

Dried 

95 

2.0 

8 

Pork ham 

Dried 

114 

2.2 

8 

Pork ham 

Dried 

118 

2.2 

8 

Boiled ham 

Dried 

101 

2.6 

8 
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TABLE 2 (continued) 


Meat 

Meat 

process 

Meat 

sample 

Flavin content /gm. 

Fresh Dry 

Boiled ham 

Dried 

115 

2.8 

8 

Pork ham 

Pried 

52 

. * . 

9 

Smoked ham 

Dried 

47 

2.9 

9 

Smoked ham 

Dried 

102 

2.3 

8 

Smoked ham 

Dried 

116 

2.4 

8 

Smoked ham 

Pried 

48 

2.6 

8 

Canned ham 

Dried 

72 

2.2 

7 

Tender ham 

Dried 

117 

2.4 

7 

Tender ham 

Dried 

119 

2.0 

6 

Pork heart 

Dried 

104 

11.2 

50 

Pork kidney 

Dried 

62 

20 

92 

Pork kidney 

Dried 

83 

i 9 .r 

90 

Pork liver 

Dried 

86 

29 

90 

Pork liver 

Dried 

122 

26.9 

85 

Pork liver 

Presh 

122 

25.4 

80 

Pork loin 

Dried 

36 

2 

7 

Pork loin 

Dried 

74 

2.5 

9 

Pork loin 

Dried 

89 

2.7 

8 

Pork loin 

Dried 

90 

2.3 

8 

Pork loin 

Dried 

91 

2.4 

8 

Pork loin 

Dried 

92 

2.7 

9 

Pork loin • 

Baked 

37 

. . . 

3 

Pork loin 

Pried 

38 

. . . 

6 

Pork loin 

Pried 

93 

. . . 

4 

Pork loin 

Boasted 

94 

. . . 

3.5 

Poultry, dark 

Dried 

66 

2.6 

10 

Poultry, light 

Dried 

65 

0.8 

3 

Poultry, light 

Dried 

68 

0.7 

3 


had practically the same riboflavin content as the dried un- 
cooked samples. "When some of the samples were fried the 
riboflavin content varied considerably, vdth pork loin showing 
a destruction of approximately 50%. In the case of beef 
liver, the destruction was nearly 40% whereas about 33% of 
the vitamin was destroyed in fried beef round. The original 
uncooked samples were not available for purposes of com- 
parison in the case of fried veal and pork loin but since a 
number of imcooked samples of these tissues contained nearly 
the same amount of riboflavin as the fried samples, it seems 
valid to conclude that there was very little destruction in 
both of these cases. Two cuts of meat were roasted. The beef 
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round after cooking showed a 30% destruction and the pork 
loin a 60% destruction of riboflavin. When pork loin was 
baked, about 60% of the original riboflavin was lost. It is 
difficult at present to explain the variation in the stability of 
riboflavin during different cooking processes. Further studies 
are being made in an effort to correlate the time of heating 
and the internal temperature of the meats with the stability of 
riboflavin. 

DISCUSSION 

From a comparison of the values for riboflavin in meats 
and meat products as reported in the literature and values 
secured by this method, it is evident that there is a close 
agreement in the results obtained with the rat growth and 
bacteriological methods. Darby and Day (’38) found 23.0 
micrograms of riboflavin in fresh pork liver, while accord- 
ing to our procedure, there are 25.4 to 26.9 micrograms. 
These workers also found 2.8 micrograms in fresh lamb which 
agrees well with our values of 2.8 to 3.6 micrograms per gram. 
Similar agreement is apparent in the cases of cured and fresh 
hams. Charite and EZhaustov (’35) by a colorimetric method 
fotmd 35.6 micrograms of riboflavin in fresh calves liver 
whereas we found approximately 37 micrograms. Most of the 
values reported on the basis of the fluorometric method are 
considerably lower than ours. For instance, recent results 
reported by Schormuller (’39) are about one-half and in 
some cases only one-third of our values. The results reported 
by von Euler and Adler ( ’34 a, b) are also somewhat lower 
than those obtained in this study. The fluorometric method 
was used in both of these studies. 

Sebrell and Butler ( ’38) have recently shown that certain 
patients, when restricted to the pellagra-producing diet of 
G-oldberger, develop lesions around the mouth which are not 
cured by the administration of nicotinic acid but show a 
prompt response to pure riboflavin. This shows definitely that 
this vitamin is important in human nutrition. At present, no 
accurate figures are available on the human requirement. In 
1937 Rose suggested that an adult should secure 20 Sherman- 
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Bourquin units of riboflavin per 100 calories. Since one 
Sherman-Bourquin unit is equal to 2.0 to 2.5 micrograms 
(Bessey, ’38), the above value is approximately 1.0 to 1.2 mg. 
of riboflavin per day. Hogan (’38), in discussing Emmerie’s 
work ( ’36) on tbe excretion of riboflavin in the urine of adults, 
concluded on tbe basis of tbe recorded data that tbe buman 
adult required 2 to 3 mg. of riboflavin per day. Tbe ex- 
cretion studies were made on tbe assumption that all of tbe 
ingested riboflaviu was absorbed and that none of it appeared 
in tbe feces or was utilized by intestinal bacteria, consequently 
these values may be slightly high. 

On tbe basis of these values, we may assume that tbe buman 
requirement for riboflavin lies between 1 and 2 mg. per day. 
Tbe work reported in this paper conclusively shows that 
meats and meat products are an important source of this 
vitamin. Tbe fried beef liver contained 65 and 86 micro- 
grams of riboflavin per gram of dried material. In order to 
supply tbe suggested minimum daily requirement, approxi- 
mately 12 to 15 gm. of dry liver or 50 to 60 gm. of the fresh 
material would be necessary. In tbe case of fried pork loin, 
approximately 450 gm. of fresh material would be needed to 
meet tbe daily demand for riboflavin. 

SUMMAEY 

The riboflavin content of meats and meat products has been 
determined by tbe use of a microbiological method. 

Liver and kidney of pork, beef, lamb and veal are uni- 
formly higher than other organs of these species. Tbe muscu- 
lar tissues show a lower riboflavin content than tbe glandular 
tissues. 

There appeared to be no loss of riboflavin by tbe ordinary 
household method of stewing. However, tbe samples that 
were roasted or fried showed appreciable losses. 
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In 1934 it was shown by Elvehjem, Hart, Jackson and 
Weckel (’34), and Stirn, Elvebjem and Hart (’35) that milk 
produced on a regular winter ration was markedly inferior 
in nutritive value to milk produced by cows on summer pasture. 
Kobler, Elvebjem and Hart (’36, ’37, ’38) have shown that 
various grasses contain a factor (or factors) which is es- 
sential for maintenance and growth of rats (’36, ’37) and 
guinea pigs (’38). Small supplements of such grasses enable 
guinea pigs on a mineralized winter milk diet to grow normally. 

Thus the seasonal changes in the nutritive value of milk 
can be related to the presence of a factor in the forage 
ingested by the cows ; that is, during the summer the animals 
on pasture obtain sufficient ‘grass juice factor’ not only for 
body needs but also for transmission into the milk. It has 
been possible to decrease the growth-promoting value of 
milk at any time of the year by placing cows on a dry ration 
(winter ration) for several months. 

It follows that by feeding forages rich in the ‘grass juice 
factor’ cows would produce a winter milk comparable to 

* Published with the approval of the director of the Wisconsin Agricultural 
Experiment Station. 

* We are indebted to Prof. G. Bohstedt, Prof. I. W- Rupel and George Werner 
for making available and caring for the cows used in this work. 
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summer milk in nutritive value. The problem then arises 
of preserving forages rich in the ‘grass juice factor’ for winter 
feeding. Since silage appears to be both a logical and practical 
means of carrying the factor, we have studied the preserva- 
tion of the ‘grass juice factor’ in various types of silages. 
In this paper we wish to report the growth of guinea pigs on 
mineralized winter milk supplemented with various silages; 
and also on the mineralized winter milks from groups of 
silage-fed cows. 


EXPERIMENTAL PROGRAM 

Guinea pigs weighing approximately 300 gm. each were 
used. They were fed a basal diet of mineralized milk. The 
milk used was obtained fresh each morning from the same 
cow (Holstein) at the dairy barn of the university. This cow 
had been fed a winter ration low in the ‘grass juice factor’ for 
several months. Various kinds of silage plus a mineral sup- 
plement consisting of 1 mg. Fe as ferric pyrophosphate, 0.1 
mg. Cu as copper sulphate, and 0.1 mg. Mn as manganese 
sulphate were fed. The silage supplement together with the 
mineral solutions was fed mixed with approximately 2 cc. of 
orange juice each morning. The orange juice was used to 
increase the palatability of the silage. Kohler, Elvehjem 
and Hart ( ’36) have shown that 2 cc. of orange juice daily, 
when added to mineralized winter milk, has no growth-pro- 
moting effect on guinea pigs. 

In the afternoon, when the animals had completely con- 
sumed the supplements, enough milk was fed to allow ad 
libitum feeding. The animals were weighed each day and 
their weights recorded. Control guinea pigs were fed a diet 
consisting of the whole milk supplemented with the minerals. 

Four kinds of forage were ensiled as follows ; 

(1) Alfalfa (June cutting) ensiled with 60 pounds molasses per ton. 

(2) Alfalfa (June cutting) ensiled with 15 pounds phosphoric acid (79%) per 
ton. 

(3) C?lover and timothy in about equal parts (June cutting) ensiled with 
60 pounds molasses per ton. 

(4) Soy beans (October cutting) ensiled with 60 pounds molasses per ton. 
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Silages were also put up iu milk bottles in the fall with 
clover, alfalfa, Kentucky blue grass and dried oat grass (de- 
hydrated oat grass no. 1200-2 was supplied by the Cerophyl 
Laboratories). A. I. V., molasses and phosphoric acid silages 
were prepared from the fresh materials and A. I. V. silage 
from the dehydrated oat grass. A calculated amount of 
preservative in 50 cc. of water was added to 1 kg. of fresh 
plant material, and thoroughly mixed by hand. In the case of 
the dried grass, it was first mixed with water to form a paste. 
The amounts of preservative used per kilogram were : 

(1) A. I. V, silage; 37.5 cc. of 2N acid (1 mol. HaSO* + 1 ieloI. HCl) ; equal 
to 34 liters of acid per ton. 

(2) Molasses silage: 32 gm. molasses; equal to 64 pounds per ton. 

(3) Phosphoric add silage: 15 gm. 79% H 3 P 04 ,* equal to 30 pounds acid per ton. 

The mixtures were packed tightly into milk bottles, closed 
with rubber stoppers containing Bunsen valves, and set aside. 
Each bottle contained approximately 750 gm. 

At the time of cutting, samples of the soy bean, clover, 
alfalfa (third cutting) and Kentucky blue grass were prepared 
for feeding by drying 16 hours at 40° C. When dry they were 
ground and stored in the refrigerator. It has been shown by 
Kohler, Elvehjem and Hart (’38) that the activity of dried 
grasses disappears on storage at room temperature but that 
it is relatively stable at lower temperatures. 

After the bottle silages had been allowed to stand for 
approximately 2 months, they were opened and the contents 
dried, ground and stored in the same manner as the fresh 
materials. Guinea pigs were fed these materials at a level 
of 3 gm. per day as a supplement to the basal mineralized 
winter milk. Because of the low ‘grass Juice factor’ content 
of the dried fresh alfalfa (fig. 1) it seemed unnecessary to 
test the alfalfa bottle silages. 

In figures 1 and 2 are given the growth curves of the guinea 
pigs fed the basal mineralized winter milk alone and plus the 
supplements of the materials which were fed both as dried 
fresh forages and as dried silages. 
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After about 6 months the University farm silages were 
sampled and tested in the same way as the bottle silages. The 
growth curves for these animals are given in figure 3. 

The ‘grass juice factor' content of the silage milks. The 
growth-promoting properties of milks from cows receiving the 
phosphoric acid alfalfa, the molasses alfalfa and the molasses 
clover-timothy silages were studied. Early in November, 



Fig. 1 Growth curves of guinea pigs fed mineralized winter milk plus supple- 
ments (3 gm. per day) of dried fresh forages and silages as follows; No. 7 
control, no. 329 fall alfalfa, no. 228 dehydrated oat grass (fed at a 2-gni. level), 
no. 338 A.I.V. oat grass bottle silage, no. 359 Kentucky blue grass, no. 330 A.I.V. 
Kentucky blue grass bottle silage, no. 328 phosphoric acid Kentucky blue grass 
bottle silage, no. 326 molasses Kentucky blue grass bottle silage. 


1938, three groups of cows were placed on experiment as 
follows : Groups 1 and 2 consisted of 1 Holstein, 2 Guernseys, 
1 Jersey and 1 Brown Swiss; and in group 3 there were 2 
Holstems, 2 Guernseys and 1 Brown Swiss. The ration was 
made up of 42 pounds silage, 6 pounds alfalfa hay and 10.5 
pounds grain mixture per day. Group 1 received the molasses 
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clover-timotliy silage, group 2 the molasses alfalfa silage, 
and group 3 the phosphoric acid alfalfa silage. 

Early in January, 1939 (i.e., 2 months after the cows had 
been placed on the silage ration), the feeding of the milks 
to the guinea pigs was started. AU the milk from one milking 
of the cows in one group was mixed together and a quart 
aliquot taken. This was done for each group every day. Two 



Fig. 2 Growth curves of guinea pigs fed mineralized winter milk plus supple- 
ments (3 gm. per day) of dried fresh forages and silages as follows: No. 327 
soy bean, no. 333 molasses soy bean University farm silage, no. 334 red clover, no. 
323 A.I.V. clover bottle silage, no. 325 phosphoric acid clover bottle silage, 
nos. 324 and 331 molasses clover bottle silage. 


animals were fed each. milk. They were fed a small amount 
of the Tnilk plus the added minerals in the morning and after 
this had been consumed they were given an excess of milk . 
The growth curves of these guinea pigs are given in figure 4. 
Included for comparative purposes is the growth of a guinea 
pig on a good summer pasture milk, taken from the work of 
Kohler, Handle and Wagner (’39). 
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In order to determine if orange juice had any effect as used 
with the silage, one guinea pig was placed on milk from group 1 
plus 10 cc. of orange juice daily. The curve of this animal 
(no. 17) is also plotted on figure 4. The pig died duriug the 
fifth week and showed gastric ulcers. 



Fig. 3 Growtli curves of guinea pigs fed mineralized milk plus supplements 
(3 gm. per day) of dried silage from tlie University farm as follows: Nos. 10 
and 14i molasses clover-timothy silage, nos. 11 and 15 molasses alfalfa silage, 
nos. 13 and 16 phosphoric acid alfalfa silage. 



Fig. 4 Growth curves of guinea pigs receiving various mineralized mUks as 
follows: No. 94 summer pasture milk, nos. 1 and 18 molasses clover-timothy 
silage milk, nos. 4 and 7 molasses alfalfa silage milk, nos. 8 and 9 phosphoric 
acid alfalfa silage milk, no. 17 molasses clover-timothy silage milk plus 10 cc. 
orange juice per day. 
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Animals 1, 2 and 4 (figure 4) after 6 weeks began to show 
loss of hair typical of a flavin, deficiency and thereafter all 
the other guinea pigs on these milk diets were given a supple- 
ment of 50 micrograms of flavin per day. With this added 
flavin there were no cases of loss of hair and the weight 
seemed to he better maintained. 

DISCUSSION 

The results presented indicate that the ‘grass juice factor’ 
is definitely retained in plants after ensiling. This fact is 
obvious from a comparison of the growth curves of the ani- 
mals on silage supplements with the control animal. How- 
ever, it is obvious that there is a marked variation iu the 
amount retained and that the degree of preservation is de- 
pendent upon the ensiling procedure used. It is evident that 
the acid-prepared silages were superior to the molasses- 
prepared silages in ‘grass juice factor’ content. Among the 
acid-prepared silages, the A. I. V. seems to be superior. 

The reason for the lower potency of the molasses silages 
as compared to the acid-prepared silages may be due to 
destruction of the ‘grass juice factor’ during the initial fer- 
mentation which takes place in this type of silage. 

Under farm conditions, fair retention is found even in the 
molasses-preserved silages, as is shown by comparison of the 
dried fresh and ensiled soy beans (fig. 2). Also the clover- 
timothy and alfalfa molasses silages gave some growth (fig. 3). 

The potency of plant materials seems to vary with the stage 
of growth. The mature plants have been found much less 
effective than rapidly growing ones. The effect of maturity 
is shown by the good growth obtained on the young alfalfa 
cut in June (fig. 3) as compared to the poor growrth obtained 
on the fall alfalfa cut in October (fig. 1) which was more 
mature. Ordinarily farmers allow their hay crops to reach 
a mature stage before harvesting, and at this stage the 
‘grass juice factor’ content is low. This fact together with 
the destruction of the active principle during drying and 
storage accounts for the low potency of winter milk. However, 
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by acid ensiling at an inunature stage, this factor is well 
preserved. 

Comparison of various materials ensiled seems to indicate 
a very high ‘grass juice factor’ content for clover, young oat 
grass and for soy beans, a fairly Mgb content for Kentucky 
blue grass and a lower content for alfalfa. It is difficult, 
however, to draw definite conclusions due to differences in 
state of maturity and time of harvesting of the various ma- 
terials. 

Figure 4 illustrates the fact that a winter milk high in the 
‘grass juice factor’ was obtained by feeding the phosphoric 
acid alfalfa silage to the cows. By comparing guinea pigs 
no. 8 and no. 9 with no. 94 (fig. 4), it is seen that this phos- 
phoric acid silage-produced winter milk is approximately 
equal to good pasture-produced summer milk. Comparing the 
growth curves on figure 4 with the control animal (no. 7, 
fig. 1), it seems that all of the silage-produced milks contain 
more of the factor than a dry ration produced winter milk. 
In this connection, it is interesting that Eiddell et al. (’36) 
in studies on the vitamin C content of milk showed that 40 cc. 
of pasture milk, fed as a supplement to the basal scorbutic 
ration, produced much better growth in guinea pigs than 
did a similar supplement of milk produced by cows on a dry 
ration, and cows receiving silage produced a milk of inter- 
mediate growth-promoting qualities. Also Peterson, Bird and 
Beeson (’37) and Hegsted et al. (’39) found that rats fed 
mineralized milk produced by cows fed A. I. V. alfalfa silage 
grew more rapidly than rats fed mineralized winter milk and 
that there was no appreciable difference in the growth of rats 
fed milk produced from A. I. V. alfalfa silage, green alfalfa 
or pasture. 

It is probable that the early observation that summer pas- 
ture milk was richer in vitamin C than winter milk was really 
a difference in the ‘grass juice factor.’ 
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SUMMARY 

1. It was found possible to preserve the ‘grass juice factor’ 
in forages by ensiling. 

2. The A. I. V. and phosphoric acid methods of ensiling were 
found to give better preservation of the ‘gprass juice factor’ 
than did the molasses method. 

3. Milk from cows fed phosphoric acid alfalfa silage was 
found to be approximately as rich in the ‘grass juice factor’ 
as milk produced by cows on summer pasture. 
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INTRODFOTIOIT 

Jones ( ’29) has described a series of filters for the isola- 
tion of spectral bands in the ultra-violet, visible and infra red 
regions of the spectrum. A report of experiments made with 
the use of these filters has also been published (Luce-Clansen, 
’29). As an outcome of this work a series of four rooms was 
designed to provide a radiation environment in which rats 
could be studied, in suitable numbers, over long periods of 
time. A description of these rooms, with data on wave length 
limits and energy values of radiation, has been given by Jones 
and Tuttle (’39). The rooms will be designated: 

Room I — Complete darkness 
Room II — ^Near infra red radiation 
Room in — risible radiation 
Room ir — [Far infra red radiation 

Experiments were started in September, 1936, and were 
concluded ia the spring of 1938. Studies were made of grovirth, 
storage of vitamin A, and of reproduction. This paper re- 
ports results on growth and storage of vitamin A. 

* Aided by a grant from the Committee on the Effects of Radiation upon Living 
Organisms, Divisions of Biology and Agriculture, National Research Council. 
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EXPERIMENTAL PROCEDURE 

At the beginning of the experiment sixteen pregnant females 
of the Experimental Colony strain, “were shipped to us from 
The Wistar Institute. These rats were, within the limit of 4 
days, of the same age; one group of five and another of six 
were litter mates. We distributed them, four in a room, sam- 
pling them so that there were, as far as possible, litter-mate 
rats from the sixteen, in each room. The mothers, after the 
young were weaned, were discarded. The young were raised 
in the different rooms and bred through three generations. 

The rats were housed on tables placed immediately under 
the duet which carried the radiation equipment in each room. 
We tried, as far as possible, to eliminate all radiation from 
the dark room. It contained no radiator. The outlet duct from 
the radiation rooms (see diagram Jones and Tuttle) was in 
the dark room, but was weU insulated, never more than slightly 
warm to the touch, and situated in a part of the room remote 
from the rat cages. The rats were radiated for 12 hours each 
day, 5 a.m. to 5 p.m., the lamps being turned on and off auto- 
matically by the use of a Sangamo time switch. 

Eats were weaned on the twenty-eighth day. The original 
mothers were fed the Sherman B diet (Sherman and Camp- 
bell, ’24) plus 10% meat scrap until the young were weaned. 
The young were then divided, in each room, into two groups. 
One group was reared on the Sherman B, the other on the 
‘McCollum’ diet (Evans and Bishop, ’22). We used the Sher- 
man B diet because it was the one used in other experiments. 
The McCollum diet was chosen as being the best and most 
standard diet for studies on reproduction. The animals were 
fed ad libitum. 

Unfortunately the commercial casein used in the ‘McCollum’ 
diet was found, after a period of a year, to be contaminated 
with fluorine. We have published (Hodge, Luee-Clausen and 
Brown, ’39) an account of the teeth of the rats in this group 
and indicated, as a result of this accident, our findings as to 
the effect of darkness on fluorosis. 
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In analyzing results we have taken the presence of fluorosis 
into account, and have given results on each diet separately. 
The ‘McCollum’ diet has been indicated in quotation marks 
to signify the diet plus its contamination. 

As a routine procedure all mother rats were fed a total of 
3300 units of vitamin A in Haliver oil during lactation. 

Eeeords of daily growth during lactation, and of weekly 
growth after weaning were kept. 

RESULTS 
Growth (fig. 1) 

The points on the curves represent mean weights for vary- 
ing numbers of rats as shown in table 1. The numbers given 
are those at the beginning and at the end of the experiments. 
They diminish because some of the rats were killed on the 
seventeenth and fifty-fourth days to permit determination of 
the amounts of stored vitamin A ; also only males needed for 
breeding were kept. Although the number used for the adult 
curves is not large, the results are very consistent. 

The upper curves (fig. 1) represent early growth from birth 
to weaning. The lower set show the growth records of male 
rats up to adult life. In all cases the results in the two infra 
red rooms were so nearly alike that they have been combined 
in one curve. Lack of space pi'events us from publishing all 
our growth curves. Those included demonstrate certain tend- 
encies with which we have been impressed. 

1. An effect of radiation is indicated because the same order 
is maintained throughout, namely, the curves for rats deprived 
of light show the slowest rate of gTowth (I), those for rats 
receiving visual radiation a faster rate (III), while the re- 
sults for rats exposed to infra red radiation, in every ease, are 
intermediate. 

2. Sherman B rats. The difference in rate of growth be- 
tween the various groups is first indicated in the second gen- 
eration, beginning at about the fifth day and being maintained 
throughout the 15 weeks of observation. In the third genera- 
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tion tMs divergence is increased, partly due to a progressive 
decline of tlie growth rate of the rats in room I and partly due 
to a progressive improvement of growth of those in room HI. 

3. For rats on the ‘McCollum’ diet we see similar but inten- 
sified divergences. These are due mainly to failure of growth 
of the rats in room I, and maintenance of growth of those in 
room III. The early growth of the rats in room I is strikingly 
lower than that of the second and third generation rats fed 



Pig. 1 Growth, I — ^rats in complete darkness. II and IV— rats exposed to 
infra red radiation. Ill — ^rats exposed to visible radiation. 


the Sherman B diet. We attribute this to the effect of fluorine 
in the diet. Fluorine has not affected the early growth of the 
radiated animals to any great extent. 

The later growth of the first generation male rats is strik- 
ingly similar to that of the third generation male rats on the 
Sherman B diet. In the second generation the radiated rats 
on this diet grew nearly as well as they did in the first genera- 
tion, although there was a marked failure of growth in the rats 
in room I. Growth was maintained by the radiated animals 
even in the third generation. 
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4, Our results on female rats, whieh are not included, indi- 
cate a definite but less potent effect of radiation on tbe growth 
of female than on tbe growth of male animals. 

TABLE 1 

Number of rats used for growth curves ^ 


BOOMS 

BIRTH TO WEANING 
SHERMAN DIET 

2nd generation 

BIRTH TO WEANING 
SHERMAN DIET 

3rd GENERATION 

BIRTH TO WEANING 
‘MCCOLLUM* DIET 

2nd GENERATION 

I 

34-18 

24-15 

70-31 

II and IV 

67-36 

68-27 

152-58 

III 

42-25 

27-14 

40-24 


ADTTLT MALES 
SHERMAN DIET 

3rd generation 

ADULT MALES 
^MCCOLLUM* DIET 

1ST GENERATION 

ADULT MALES 
‘MCCOLLUM* DIET 

2ND GENERATION 

I 

5-3 

9-9 

16-4 

II and IV 

9-4 

15-9 

25-7 

III 

5-2 

8-4 

8-5 


^ The numbers given are those at the beginning and at the end of the experi- 
ments (see text). 


Vitamin A storage 

Representative rats from aU the rooms, on both diets, were 
killed on the seventeenth and fifty-fourth days and their livers 
analyzed for vitamin A. Similar analyses were made of all 
adult rats at autopsy. The method used for the vitamin A 
determinations was the modification of the Price-Carr method 
of S. W. Clausen (McCoord and Luce-Clausen, ’34). 

Figure 2 gives the units ^ of vitamin A in the liver plotted 
against the weight of the rat, with respect to both sexes at 17 
days, males at 54 days, and adult males in all the groups. 
Figure 3 gives results for females. 

In figures 2 and 3 the position of the line for each group of 
rats was determined by the method of least squares. 

It is evident that in plotting the vitamin A values at given 
ages, the weight of the rat should be taken into account since 
these lines show a general upward slope with increased weight, 
at any given age. In cases, however, where we fed supple- 

® One of our units = 3.8 international units. 
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ments of vitamin A to mother rats during lactation, this rela- 
tionship of storage to body weight did not hold. The vitamin 
A values given in figures 2 and 3 were obtained from rats to 
whom no supplement had been fed. 

The rats used in these determinations were taken from all 
three generations, but predominantly from the second and 
third. 



Fig. 2 Vitamin A in livers plotted against body weight. I — rats in complete 
darkness. II and IV — rats exposed to infra red radiation. Ill — rats exposed to 
visible radiation. 


In considering the trend of these lines we were struck by 
the fact (fig. 2) that in six separate groups of observations 
the rate of increase of vitamin A with weight is greater with 
the animals in room I. The line for adult males in room TV 
(‘McCollum’ diet) runs parallel with that of room I, hut the 
amount of vitamin storage, for any given weight, is greater 
in room I. 
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In figure 3 (females) the lines for rooms II and IV are 
similar to those of room I, hut all are widely different from 
that of room III. 

We decided therefore to compare the extremes, rooms I and 
III, which represent the wide difference between an environ- 
ment of total darkness and one of visible radiation. Although 
at first sight, in view of the wide variations that are normally 
obtained in determinations of vitamin A, the difference in 




Fig. 3 Vitamin A in livers plotted against body weight. I — ^rats in complete 
darkness. II and lY — rats exposed to infra red radiation. Ill — ^rats exposed to 
visible radiation. 


values for room I as compared with those for room HI might 
not seem significant, the regularity with which they appeared 
in nine different groups of observations made further statisti- 
cal analysis seem desirable. The method of analysis was as fol- 
lows. The slope of each line was designated (b). The standard 
error (cb) was calculated for each slope.® The standard error 
of the differences of the slopes ^ for rooms I and III (eb,-b,„) 
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was tten caletilated. The ratio of the difference between slope 
I and slope m over the standard error of the difference was 
then found. The probability of obtaining a ratio as large as, 
or larger than this, by pure chance was then determined by 
‘Student’s’ t table.® 

Eesults as analyzed from figures 2 and 3 are given in table 2. 
It is seen that in one case (Adult females, ‘McCollum’ diet) 
the difference in slopes is clearly significant (0.008) ; in two 
cases (17 days and adult males, ‘McCollum’ diet) of border- 
line significance (0.025, 0.025) ; the remainder are not individu- 
ally significant. Multiplying together the probabilities given 
in the table, for each sex and diet, we find that the chance is 


TABLE 2 

Probabilities that observed differences in slope are not significant 


DIET 

BOTH SEXES 

KALES 

EEKALES 

17 days 

54 days 

Adult 

54 days Adult 

Sherman B 

0.10 

0.35 

0.10 

0.15 0.25 

^ McCollum^ 

0,025 

0.30 

0.025 

0.008 


well under 1 in 100 that the slope difference is not significant 
throughout the life cycle (Sherman B, male and female, 4 
chances in 1000; ‘McCollum,’ male and female, 2 chances in 
10,000). Therefore in each case there is a significant slope 
difference at some one or more stages of the life cycle. It 
would seem therefore statistically justified to consider the 
different values for room I as compared with room HI as not 
being chance variations within both groups, but as true differ- 
ences in rates of increase of vitamin A, at given ages, in the 
absence or presence of radiation in the rats selected. 

In this analysis we note, what we have found in many of 
our analyses, that the presence of fluorine in the diet intensi- 
fies an effect produced in rats fed the uncontaminated diet. 

® ‘ Statistical Methods for Eesearch Workers by R. A. Fisher, 7th edition, 
published by Oliver and Boyd, Edinburgh, 1938, p. 177. 
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DISOITSSION 

Growth 

Sherman B diet. The literature on the effects of radiation 
upon the growth of organisms is conflicting. Rats have been 
shown to grow equally well in darkness as in well-lighted 
rooms when the diet is optimal (Goldblatt and Soames, ’23). 
On the other hand, Ludwig and von Reis (’31) report in- 
creased growth of rats reared under visible red radiation. 
Brown ( ’28) studied hght environment and its effect on rab- 
bits and demonstrated a growth-promoting effect of exposure 
to neon light which was greater than in animals receiving sun- 
light ihrough window glass, or those reared in darkness. 

One hesitates, in the absence of more quantitative feeding 
trials, to lay too much stress on growth curves. There seems, 
however, little doubt that in our experiments an effect of visi- 
ble radiation, and, to a lesser degree, of infra red radiation 
in promoting growth has been demonstrated. 

This effect is most marked in the third generation. The 
effect appears during lactation : the birth weight in all groups 
is identical bift the curves for ‘light’ and ‘dark’ rats diverge 
after the fifth day. The intermediate position between ‘dark’ 
and ‘light’ of the two groups kept in infra red radiation makes 
it difficult to rule out an effect of these radiations. These re- 
sults could be interpreted to mean some failure of function in 
the anterior hypophysis in animals deprived of light, resulting 
in lessened production of the lactogenic hormone in the 
mother, or of growth hormone in the yormg, an effect which 
according to some authors may be due to lack of retinal stimu- 
lation by light (Bissonnette, ’38). Our results, although sug- 
gestive, afford no proof of this. 

‘McCollum’ diet. We have no means of knowing the amount 
of fluorine ingested by the rats on this diet. It was sufficient 
to produce a chronic fluorosis. There is abimdant evidence in 
the literature that fluorine added to the normal diet of rats 
inhibits growth (Iowa Agricultural Experiment Station re- 
ports, ’28, ’29 ; Goldemburg, ’27 ; McClure and Mitchell, ’31). 
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The growth inhibitory effect of fluorine in rats deprived of 
light is clearly seen in our curves. It is interesting to note, 
however, that radiation, both visual and infra red, overcomes, 
to a marked extent, the growth-inhibiting effects of fluorine. 
We have already described a lack of pigment in the teeth, due 
to fluorine, which occurred earlier in the group of rats de- 
prived of light (Hodge, Luce-Glausen and Brown, ’39). 

Vitamin A storage — hoth diets 

If we admit the validity of the statistical methods applied 
to our data, and it seems justifiable to do so, we are surprised 
to find that the rate of vitamin A storage, with increased 
weight at given ages, is faster in the groups of rats deprived 
of light than in those exposed to visible radiation, though the 
trend of the slope for increased weight is upward in both 
groups. The presence of fluorine in the ‘McCollum’ diet seems 
only to magnify the effect observed in the groups fed the un- 
contaminated diet. 

In considering the factors which might decrease the storage 
of vitamin A in the ‘light room’ as compared with the ‘dark 
room’ rats several conditions may have been operative. 

(1) Some increased use of vitamin A for bodily functions 
such as restoration of tissues, growth, and cell metabolism in 
the ‘light room’ rats, the males especially. 

(2) A faster disappearance of vitamin A from the skin of 
the irradiated rats. 

(3) Heat. McCoord ( ’38) has shown that hyperthermia and 
fever cause the supply of vitamin A to disappear from the 
liver. The rats in room III, especially during the summer 
months, were, from time to time, exioosed to higher tempera- 
tures than were those in room I. This may have produced an 
effect on activity and appetite but the amount of heat was not 
sufficient to raise rectal temperature. 

(4) Retinal stimulation. Tansley (’31) studied the mecha- 
nism of dark adaptation in albino rats. Using an illumination 
of 400 foot candles she found that -J hour’s exposure was suffi- 
cient to cause complete bleaching of the retina. 
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The only illumination used in our dark room was that from 
a single 7.5 watt green Mazda lamp placed 5 feet away from 
the cages. This was turned on for a short time each day for 
routine procedures. No rat was ever exposed to it for a longer 
time than that required to clean a cage, to weigh, or, in the 
case of females, to take a vaginal smear. 

Measurements taken with a Weston foot candle meter, model 
614, showed zero f .c. at 10 inches and a maximum of 16 f.c. at 
a distance of 0.5 inches. It therefore seems safe to say that 
the retinas of our animals were never, at any time, bleached 
by light. In room III the illumination was 300 f.c. and rats 
were exposed to it for 12 hours daily. 

The researches of Wald (’35) have shown that small 
amounts of vitamin A are used up in the retina, and that light 
adapted retinas contain about 0.2-0.3 micrograms of vitamin 
A ; dark adapted ones, only a trace. The ability of the retina 
to form visual purple after exposure to light depends on the 
supply of vitamin A. The turnover of vitamin A in the retina 
depends on the exposure of the retina to light. It is reason- 
able to suppose that complete absence of retinal stimulation, 
in a group of rats deprived of light, might lead to some reten- 
tion of vitamin A that, under normal conditions of retinal 
stimulation by light, would be used up in the retina. 

No quantitative data as to the amount of vitamin A used in 
retinal stimulation by light are available. Neither do we know 
whether the constant circulation of vitamin A in the retina 
would utilize enough to deplete liver stores, or, in the absence 
of stimulation, to augment them. It may be suggestive that 
the difference of storage between animals in rooms I and III 
is small, and for this reason more readily explainable on this 
basis. 

CONCLUSIONS 

1. Eadiation in the visible region of the spectrum promotes 
growth in rats fed the Sherman B diet, as compared with 
groups fed the same diet and kept in complete darkness. This 
effect is more evident in the third generation of rats bred 
under controlled conditions of light, and more marked in males 
than in females. 
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2. Eadiations in the near and far infra red regions have a 
grovrih-promoting effect which is definite bnt lesser in degree 
than that of visible light. 

3. Visible radiation, and, to a lesser degree, infra red radia- 
tion, compensate for the marked inhibition of growth due to 
fluorosis seen in rats deprived of light. 

4. Eats kept in darkness and fed the Sherman B diet, and 
also groups fed a diet contaminated with fluorine are shown 
to store vitamin A in livers at a more rapid rate for weight 
at given ages than do comparable groups exposed for 12 hours 
a day to visible light. It is suggested that lack of retinal stimu- 
lation by light may play a part in this result. 

In conclusion, our thanks are due to the following: The 
Eastman Kodak Company for continued interest, support, and 
collaboration; the General Electric Company and the "West- 
inghouse Company for special cooperation in regard to the 
supply of lamps ; and the Corning Glass Company for interest 
and Mnd cooperation. 

We also wish to thank Dr. Donald E. Charles for suggesting 
the mathematical methods employed in the analysis of data 
and for much helpful criticism; and Dr. Nancy Morey and 
Miss Eugenia Sheridan for help in the routine care of animals. 
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INTRODUCTION 

In an earlier paper (’39) we have described results on 
growth and storage of vitamin A on three succeeding genera- 
tions of rats kept continuously in the following environments : 
(a) darkness, (h) visible radiation, (c) infra red radiation. A 
full description of the rooms used in these experiments has 
also been given (Jones and Tuttle, ’39). 

This paper deals with the results on reproduction in the 
same rats. The rooms are designated room I (dark), room H 
(near infra red), room III (visible), and room TV (far infra 
red). 

EXPEEIMENTAL PEOCEDUEES 

The date of opening of the vagina was carefully noted in all 
female rats. Daily records of vaginal smears, taken according 
to the technique of Long and Evans (’22), were kept, to de- 
termine the number of oestrous cycles up to the date of mating. 
Eight females, four on each diet used, the Sherman B (Sher- 
man and Campbell, ’24) and McCollum (Evans and Bishop, 
’22), were selected as breeders, along with four males, two on 

' Aided by a grant from the Committee on the Effects of Radiation upon Idving 
Organisms, Divisions of Biology and Agriculture, National Research Council. 
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each diet, in each room. Oestrons records were kept on all 
remaining female rats. For smearing we nsed for each rat 
an individual glass spatula sterilized daily. 

At the age of 110 days, each female in the pro-oestrous stage, 
■was placed "with a male. The presence of vaginal plug and of 
sperm were taken as evidence of positive mating. Smears 
were taken till the fourteenth day when the appearance of a 
clot gave evidence of implantation. Smearing was then dis- 
continued until after the birth of young; the animals were 
weighed daily during the last week of pregnancy. The number 
of young bom were counted, and each litter was weighed daily 
for the first 17 days. 

Eesults on the two diets are given separately. As explained 
in the previous paper an accidental contamination with fluor- 
ine of the commercial casein used in the McCollum diet was 
discovered and described (Hodge, Luce-Clausen and Brown, 
’39). The designation ‘McCollum’ signifies the diet plus its 
contamination. 

EESTJLTS 

1. Age of opening of the vagina, oestrous cycles 

The age of opening of the vagina in all female rats is given 
in frequency polygons, those for the rats fed the Sherman B 
diet being sho'wn in figure 1, and those for the ‘McCollum’ diet 
in figure 2. Details of oestrous cycles of females fed the same 
two diets are given in figures 3, 4, 5. 

The total number of observations in the three groups given 
in figure 1 is 105, in figure 2, 135. The results for rats in rooms 
n and IV were so nearly identical that, for the sake of clear- 
ness, they have been plotted together. 

Table 1 gives a summary of data obtained on the age of 
opening of the vagina in the six groups. It shows that on both 
diets the age of opening of the vagina is even earlier than 
normal ® in rats receiving ■pisible radiation (room III), the 

® Since these experiments were concluded we have studied the age of opening of 
the vagina in ninety-three rats, of the Sprague-Dawley strain, fed the Sherman B 
diet and kept under ordinary conditions of light in our laboratory. The average 
age for these rats is 45.9 ±0.4 days — or about the same as was obtained in rooms 
n and IV. This indicates that the 42-day figure for rats in room III is earlier than 
might be expected for rats kept under our experimental conditions. 



rig. 1 Frequency polygons of age of opening of vagina. Sherman B diet. 
I = rats kept in complete darkness; II and IV = rats exposed to near and far 
infra red radiation; III = rats exposed to visible radiation. 



Fig. 2 Frequency polygons of age of opening of vagina. ‘McCoUum’ diet. 
I = rats kept in complete darkness; II and IV = rats exposed to near and far 
infra red radiation; III = rats exposed to visible radiation. 
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difference due to diet in these two groups is not significant. 
A marked delay is seen in the two groups deprived of light 
(room I) and also a significant difference between these two 
groups due to diet, the mean for the ‘McCollum’ group being 
11 days later than that for the Sherman B group. The age for 
the two groups receiving infra red radiation (rooms II and 
IV) falls intermediate between groups in rooms I and III, and 
some effect of diet is evident, the mean for Ihe ‘McCollum’ 
group being 3 days later than that for the Sherman B group. 

In figures 3, 4 and 5 we have represented, on an upright 
line, the oestrous history of each female rat from the age of 
opening of the vagina to 120 days. A similar figure for the 
groups in rooms II and IV fed the Sherman B diet is omitted 
for lack of space, but the essential data are given in table 2. 


TABLE 1 

Age of opening of the mgina 


ROOM 

SHERMAN B DIET 

‘MCCOLLUM’ MET 


Aays P.E. 

days P.B. 

I 

48.3±0.92 

59.3 ±2.06 

II and IV 

44.0±0.75 

46.8±0.70 

III 

41,8±0.65 

42.7±0.90 


In figures 3, 4 and 5 a circle marks the age of opening of 
the vagina. An open circle indicates that the rat was not in 
oestrus at the time of opening, a solid circle in oestrus at time 
of opening. The subsequent occurrence of oestrus is marked, 
on the upright line, by a solid circle. In figure 3 two genera- 
tions in each group are given, separated from each other by a 
space ; in figures 4 and 5 three generations are similarly sepa- 
rated. 

Table 2 summarizes some of the data from figures 3, 4 and 5. 

It gives fairly clear-cut evidence that radiations both in the 
near infra red and visible regions play a part in the occurrence 
of the first oestrus. This, in rooms II and III, appears coinci- 
dent with the opening of the vagina in 80-90% of the animals, 
whereas the percentages for rooms I and TV are definitely 
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lower. The presence of fluorine in the diet of the ‘McCollum’ 
group does not seem to have affected this result. 

Table 2 shows a mean lengthening of the cycle of 1.6 days 
in the rats in room I fed the Sherman B diet as compared with 
the group in room III on the same diet. According to the x® 


TABLE 2 

Occurrence of oestrus at time, or within 2 days, of opening of vagina and 
mecm length of cycles 



1 SHERMAN B DIET | 

1 ‘MCCOLLUM’ DIET 

BOOM 

In oestrus 
at time of 
opening 

Mean 
length 
of cycle 

S.D. 

Coefficient 
of varia- 
bility 

In oestrus 
at time of 
opening 

Mean j 
length ! 
of cycle 

S.D. 

Coefficient 
of varia- 
bility 

I 

% 

45.0 

days 

7.3 

4.7 

53.1 

% 

52.2 

days 

6.1 

3.1 

46.2 

II 

81.8 

5.6 

, . 

. . . 

90.0 

5.3 

, . 

. . . 

III 

80.0 

5.7 

3.1 

53.1 

80.0 

5.7 

2.7 

44.0 

IV 

64.3 

6.5 



56.0 

i 6.5 

t 

. . . 



Fig. 3 Oestraus history of individual female rats. ‘McCollum* diet. Boom 
I — ^rats kept in complete darkness. Room III — ^rats exposed to visible radiation. 

method of analysis this result gave a probability of 1 chance 
in 10,000 in the Sherman B group, and 40 chances in 100 in 
the ‘McCollum’ group that the longer cycles observed arose 
as a matter of chance. We can conclude therefore that in this 
set of observations the lengthening of the cycles in room I of 
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rats on the Sherman B diet was a definite finding. There was 
no significant lengthening of cycles in room I of rats on the 
‘McCollum’ diet. The apparent discrepancy here is possibly 
explained by the better nutritional value of the ‘McCollum’ 
diet despite its contamination. 



Fig. 4 OestroTis history of individual female rats. ‘McCollum' diet. Room 
II — ^rats exposed to near infra red radiation. Room IV — ^rata exposed to far infra 
red radiaton. 



Fig. 5 Oestrous history of individual female rats. Sherman B diet. Room 
I — ^rats kept in complete darkness. Room III — rats exposed to visible radiation. 
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Owing however to the many factors which might produce 
variability in results, this observation would have to be con- 
firmed. It is evident by inspection of figures 3, 4 and 5 that 
lengthening of the cycles, in individual rats, occurred at times 
in all the groups. It is also seen that more rats were affected 
in this way in room I, and more on the Sherman B tba-n the 
‘ McCollum ’ diet. 



Pig. 6 Birth and survival of young. Sherman B diet. L — ^number of litters ; 
B — ^number of young born; S — ^number of young that survived. 


2. Birth and survival of young 

(a) Sherman B groups, three generations. Eesults are given 
in figure 6 where the number of litters (L), the total number 
of yoimg bom (B) and the number survived (S) are repre- 
sented for each generation in each room. The percentage sur- 
vival of the number of young born in each generation is also 
indicated. 

The percentage survival of young bom is normal in all the 
groups in the first generation. These young were the offspring 
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of the original pregnant females sent to ns from The Wistar 
Institute. 

In room I the failure to survive falls from 62% to 29% in 
the second and third generations. In room III a normal sur- 
vival is maintained through three generations. In rooms II 
and IV the survival in the second and third generations is not 
normal hut superior to results obtained in room I. 

It would seem from this that radiation plays a dejSnite role 
in promoting normal survival of young in rats — ^that the most 
effective radiations for this effect are in the visible regions, 
but that near and far infra red radiation cannot be considered 
as being without effect. 

(b) ‘McCollum’ groups. The presence of fluorine in the ‘Mc- 
Collum’ groups of rats made our results on birth and survival 
of young inconclusive. The original young of the first genera- 
tion were reared during lactation by mothers fed the Sherman 
B diet. By the time they were ready for mating the toxic 
effect of fluorine was evident and there was only a 50-63% 
survival of young born in all the groups. No third generation 
of young was obtained in room I, though a third generation 
was obtained in rooms II, III and TV. The survival of these 
radiated young was only from 35-46% of the number bom. 
These results suggest some toxic effect of fluorine transmitted 
through the milk, but, as in our other results, an effect more 
marked in the non-irradiated group. 

DISCUSSION OP RESULTS 

Effect of darkness versus radiation 

(a) On rats suffering from fluorosis. The literature on this 
subject is scanty. Chaneles (’29) has stated that teeth de- 
formities due to fluorosis in a group of rats which received 
radiation from a Hanau lamp were less marked than in a 
similar group which were not irradiated. Smith and Smith 
( ’32) observed that in human teeth, the deposition of pigment, 
a secondary phenomenon due to fluorosis, occurs on the lip 
line, or the part of the tooth exposed to light. 
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It seems to us that the problem of the effect of light on fluoro- 
sis merits further study. It is significant, in our results, that 
the marked delay in the opening of the vagina seen in the 
second generation of ‘McCollum’ rats in room I was not appar- 
ent in a completely comparable group in room III (fig. 3). 
Furthermore this delay was not seen in thirty rats from room 
II, or in twenty-four from room TV (fig. 4), under identical 
dietary conditions. It is evident from the frequency polygons 
(fig. 2) that the one for room I includes two sets of observa- 
tions, the second being a later generation, but that, since all 
generations are included in polygons III, and II and IV, an 
effect with succeeding generations is only seen in the group 
deprived of radiation. 

In the teeth of these rats (Hodge, Luce-Clausen and Brown, 
’39) a lack of pigment in those deprived of light was observed 
at an earlier date than in the teeth of those exposed to visible 
radiation. The growth curves (Luce-Clausen and Brown, ’39) 
showed a marked failure of growth of the rats kept in dark- 
ness which was not apparent in radiated rats fed the same 
contaminated diet. 

It would seem that all these results point to a combined 
effect of darkness plus fiuorosis on the animals deprived of 
light. Also that radiation compensates to a demonstrable ex- 
tent for the full effect of fluorosis as seen in the dark-room 
animals. 

A delay in the onset of maturity in female rats deprived of 
light appears to be a definite finding. A recent paper by Fiske 
(’39) suggests that the balance of the two gonadotropic hor- 
mones in rats is changed under varying conditions of light. 
Fiske also observed delay in the onset of maturity in rats kept 
in darkness. The prolonged periods of oestrus in rats kept 
under continuous exposure to light which she observed were 
not apparent in our animals kept under 12-hour alternate ex- 
posures to light and darkness. This agrees with the findings 
of Browman (’37). 

We have some evidence that the cycles in female rats in 
room I were lengthened, and very definite evidence that with 
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succeeding generations the young born in this room did not 
survive normally. This failure to survive in young born in 
the dark increased in the second over the first, and in the 
third over the second generations. It appeared to be due to 
some failure in lactation. The young born were normal in 
birth weight, appeared to be active and healthy, but many died 
before the fifth day. The mothers, iu many instances, ap- 
peared nervous, did not make good nests, and showed no in- 
clination to take care of the young. This result again suggests 
decreased pituitary activity with failure to produce the lacto- 
genic hormone. 

The powerful effect of pituitary hormones upon growth and 
reproductive processes is well known (Evans and Long, *21 ; 
Evans and Simpson, ’29, ’31). It is tempting, from some of 
our studies, to add radiation, operating through the anterior 
pituitary in the rat, to the complicated chain of reproductive 
events. We can only, however, regard this idea as an avenue 
of approach for future work. 

Radiations responsible for the effects described. Radiations 
throughout the visible and infra red regions of the spectrum 
have been shown to be effective in promoting growth, early 
opening of the vagina, early onset of oestrus, and normal sur- 
vival of young bom, in normal animals. 

Whatever the biological explanation of these results may be, 
we have to consider certain possibilities with regard to radia- 
tion. Are all the radiations in the spectrum equally effective, 
and, if so, cannot we regard the effect of radiant energy on 
the rat, in the spectral regions studied, as simply one of heat 
with possible resulting catalysis of many chemical reactions 
in the body? This, at first sight, would appear to be a likely 
explanation, and is supported by the identical results obtained 
in rooms II and IV. In these two rooms the rats were exposed 
to equal energy equivalents, 0.1 gm. cal. per cm.® per min. 
(Jones and Tuttle, ’39). In room III, however, the picture is 
different. If we discount secondary radiations which resulted 
from time to time from heat, the actual amount of energy in 
the visible was roughly one-third that obtained in rooms II 
and IV (0.03 gm. cal. per. cm.® per min.). If we include the 
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secondary effect of heat, the total energy in room III still falls 
below that of rooms II and IV (0.08 gm. cal. per cm.® per min.), 
so that with less energy we get more effect. These results 
therefore show a peak of maximum efficiency here which seems 
to be independent of total energy, and obviously referable to 
illumination. In room III the illumination was 300 foot candles 
(Jones and Tuttle, ’39). 

It was surprising to us that any effects at all could be dem- 
onstrated in room IV, where the only radiations present were 
long wave-length infra red. We should have expected results 
in this room to approximate those in room I, instead of which, 
in practically every case, they were similar to those in room 
II. For this reason an effect of radiation was apparent, and 
was probably only brought out by the efforts made to eliminate 
all known sources of radiation from room I, and to keep all 
four rooms at the same air temperature. 

It would be very desirable to sub-divide the visible region 
further, and find out the region of maximum effect. At the 
time these experiments were planned there was no satisfactory 
way of doing this, since the light sources available did not 
emit radiations of sufficient intensity in certain regions, for 
example, the blue. 

COlSrCLTJSIONS 

1. The age of opening of the vagina and the onset of first 
oestrus in female rats is delayed when rats are bred in com- 
plete darkness. Radiations in the visible region of the spec- 
trum promote an age of opening of the vagina which is earlier 
than normal for rats kept under our experimental conditions. 
Radiations in the near and far infra red promote an age of 
opening of the vagina similar to that obtained under ordinary 
conditions of laboratory light here. 

2. Radiation plays a definite part in promoting the normal 
survival of young bom in succeeding generations of rats 
reared under controlled conditions of light. The most effective 
radiations are in the visible, but radiations in near and far 
infra red are not without effect. 

3. Visible radiation, and, to a lesser extent, infra red radia- 
tion, compensate, to a demonstrable effect, for a delay in the 
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age of opening of the vagina, which increases with succeeding 
generations, in rats suffering from chronic fluorosis and de- 
prived of light. 

4. Radiation, throughout the visible and infra red spectrum, 
plays a part in reproductive processes in the rat. In the near 
and far infra red equal results have been demonstrated, using 
equal energy equivalents in these two regions. Using in the 
visible region one-third the energy of that used in the infra 
red, the best results were obtained. 
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ADAPTATION TO A LOW CALCIUM INTAKE IN 
EEFERBNCE TO THE CALCIUM REQUIRE- 
MENTS OP A TROPICAL POPULATION 

LUCIUS NICHOLLS ANU ANANDA NIMALASUEITA 
Nutrition Department, Bacteriologiedl Institute, Colombo, Ceylon 

ONE IlOUBE 

(Eeeeived for publication April 25, 1939) 


Much has been ■written concerning the caleinm requirements 
of children and adults. Most of the ■work which throws light 
upon this matter has been done in Europe and America, and 
the conclusions which have been drawn are such that they do 
not appear to be applicable to the conditions in many tropical 
countries. Sherman (’37) sets the standard allowance for 
maintenance of the adult at 0.68 gm. and 1 gm. for the grow- 
ing child. He also states, “It is doubtless better for family 
food supplies to furnish at least 1 gm. per capita per day.” 

Leitch (’37) considered the calcium requirements for chil- 
dren and adolescents to range from 0.9 gm. between the ages 
of 5 and 9, to 1.9 gm. between the ages of 15 and 16 years, 
and thereafter to decrease gradually to 0.55 gm. at the age 
of 24 years. 

The diets of many tropical races consist of cereals, pulses, 
roots, vegetables and vegetable oils; milk and eggs seldom 
appear. Our studies are concerned "with Ceylon, where the 
majority of the poorer classes augment such diets ■with a little 
fish. A typical diet of the laboring classes "with a value of 
about 3000 calories, which does not include sprats, contains 
0.3 gm. calcium daily. But many of the laboring class Ceylon- 
ese take sprats two or three times a week, and this increases 
the amount of calcium to 0.6 gm. (NiehoUs, ’37). 
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The daily diet of the average adult Ceylonese has a value 
of about 2400 calories and children of 5 years of age consume 
diets of a value of about 900 calories and those of 10 years of 
age of about 1800 calories. The amount of calcium in the diets 
of the children of these ages is a little less than 0.2 and 0.4 gm. 
respectively. Children are weaned to these diets and the great 
majority of them never receive milk. The records of one sur- 
vey of 4221 daily diets of young school children showed that 
only 251 had received milk (Nicholls, ’36). 

However deficient such quantities of calcium may appear, 
the fact that the majority of children become adults shows 
that they make shift to grow on these quantities. Hence, the 
question of individual and racial metabolic adaptation arises, 

METABOLIC ADAPTATION TO LOW CALCIUM INTAKE 
Urinary calcium 

Assuming for the sake of argument that there is good ab- 
sorption of calcium from the alimentary tract whether the 
total intake is much below or equal to optimum requirements, 
then if a metabolic adaptation is to take place, it must be in 
the amount excreted. Sixty-two samples of urine of boys of 
the laboring classes and an equal number from upper-class 
boys of the Eoyal College were analyzed for calcium content. 
The records of diets of the latter (Nicholls, ’37) show that 
they receive about 1 gm. calcium daily. Table 1 ^ves the 
results. 

The percentages of table 1 are presented in figure 1, which 
shows the marked contrast in the amount of urinary calcium 
in these two groups of boys of different social status. 

Calcium balances in growing children 

Calcium balances were carried out with four children of the 
laboring classes. They were given diets similar to those they 
had received in their homes. The diets were duplicated, one 
being reserved for calcium analysis. These determinations 
were made for a period of 3 days for three children, and of 
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TABLE 1 


The calcium content of the urine of upper and lower class hoys in Ceylon 


AMOUNT OF OALOrUM 

IN 100 00. OF UBINB 

ROYAL COLLEGE 

LABORING CLASS 

1 

gm. 

number 

% 

number 

% 

0.0010-0.0030 

7 

11.3 

36 

58.1 

0.0030-0.0050 

11 

17.7 

19 

30.6 

0.0050-0.0070 

13 

21.0 

1 

1.6 

0.0070-0.0090 

9 

14.5 

0 

0 

0.0090-0.0110 

5 

8.1 

3 

4.8 

0.0110-0.0130 

3 

4.8 

1 1 

1.6 

0.0130-0.0150 

3 

4.8 

0 \ 

. , . 

0.0150-0.0170 

3 

4.8 

0 

. . . 

0.0170-0.0190 

3 

4.8 

0 

. . . 

0.0190 and above 

5 

8.2 

2 

3.3 

Average amount of 
calcium in 100 cc. of 
urine (gm.) 

0.0096 

0.0041 



JPigtire 1 
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9 days for a fourth child (no. 2). All the children had positive 
calcium balances, and those on low calcium intakes of about 
0.2 gm. a day were able to absorb and retain from 34% to 89% 
of the calcium (table 2). Child no. 2 for the first 3 days of the 
experiment had a total daily intake of 0.07 gm. of calcium and 
retained 0.05 gm. of it. 

These children obtain all but a very small amount of vita- 
min D through the direct action of the sun’s rays on their 
skins and these high retention rates indicate that they receive 
in this manner an ample quantity of vitamin D. 

Table 2 gives the details of these experiments in calcium 
balances. 

TABLE 2 

Calcium balances in children 


NO. OP 
CHinD 

WEIGHT 

OP 

CHILD 

AGE 

AND 

SEX 

PERIOD 

DAILY 
TOTAL 
INTAKE 
OP Ca 

DAILY 

TOTAL 

URINARY 

TION 

OP Ca 

DAILY 

TOTAL 

PAEOAL 

EXCRE- 

TION 

OP Ca 

TOTAL 

DAILY 

EXCRE- 

TION 

DAILY 

RETEN- 

TION 

OP Ca 

Ca RE- 
TAINED 


hg. 


days 

gm. 

gm. 

gm. 

gm. 

gm. 

% 

1 

16.6 

7F 

3 

0.2454 

0.0287 

0.1352 

0.1639 

0.0815 

34 

2 

17.3 

7M 

3 

0.0703 

0.0035 

0.0154 

0.0189 

0.0514 

73 

2 

17.3 

7M 

3 

0.2225 

0.0066 

0.0472 

0.0538 

0.1687 

87 

2 

17.3 

7M 

3 

0.2196 

0.0049 

0.0452 

0.0501 

0.1695 

89 

3 

10.9 

4M 

3 

0.2051 

0.0251 

0.0554 

0.0805 

0.1246 

71 

4 

12.5 

4M 

3 

0.1833 

0.0240 

0.0960 

0.120 

0.0633 

41 


THE AMOUNT OF CALCIUM IN THE BODIES OF CEYLONESE 
AT DIFFERENT AGES 

The amount of calcium in the body is approximately 25%^ 
of the dry weight of the bones of the skeleton, plus 10 to 12 
mg. per 100 gm. of the blood and soft tissues of the body. The 
latter is almost negligible as it amounts to little more than 
1% of the total calcium of the skeletal structures. 

Many skeletons of children and adults have been collected 
in the Anatomy School of the Ceylon Medical College. In all 
cases the ages have been recorded, and in most cases the 
heights and weights of the cadavers of the children are known. 

^Bone asli having a composition of 6 Ca 8 (P 04 )a'Ca(OH )2 is about 70% of the 
dried bone, which is approximately 25% calcium. Analysis of six samples of dried 
bone ranged from 22.8-24.9 with an average of 24% calcium. 
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Prof. W. 0. O. Hill kindly allowed us to teike the weights 
and measurements which we required of these skeletons ; and 
in a few eases he permitted the removal of samples of hones 
for analysis. 


Calcium in the sheletons of children 

The soft tissues had been removed soon after death and the 
skeletons cleaned but the bones remained articulated with the 
ligaments, cartilages, intervertebral discs and epiphyses at- 
tached. Each skeleton was weighed and placed in an oven at 
100° C. for 6 hours and the dry weight taken. The loss of 
weight varied from 9.6 to 11,8%. Ten per cent was deducted 

TABLE 3 


JEstimated calaium in children 


AGE AND SEX 

RACE 

BODY 

WEIGHT 

DRY WEIGHT OF J 

1 articulated I 

1 SKELETON 

ESTIMATED WEIGHT OP 

Ca IN SKELETON 

years 


leg. \ 

i gm. 

gm. 

gm.Jhg. 

P 

Sinhalese 

13.20 

\ 640 

144 

10.9 

4i P 

Sinhalese 

14.12 

1 680 

155 

10.9 

5 M 

Sinhalese 

17.31 

! 824 

206 

11.9 

6 P 

Tamil 

16.15 

770 

192 

1 11.8 

8 P 

Sinhalese 

18.80 

937 

234 

1 12.4 

11 M 

Sinhalese 

23.20 

1247 

312 

1 13.4 


from the weight of each skeleton to allow for the ligaments, 
cartilages, etc., and the amount of calcium in each skeleton 
was calculated as 25% of the skeleton after this deduction. 

Table 3 gives the details for six of these skeletons and the 
last column gives the weight of calcium in grams per kilogram 
body weight. 


Calcium in the sheletons of adults 

Fifteen skeletons from males and fourteen from females 
were weighed, and the femurs weighed and measured. Ten 
samples of bones with contained marrow were taken from 
these skeletons. They were dried for 3 hours at 105 °C. and 
lost between 8.9 to 10.1% in weight, the average loss being 
9.5%. The ash ranged from 64 to 68.4% of the dried samples. 
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The dried weight of the skeletons was computed by deduct- 
ing 9.5% for moisture from the actual weight of the hones. 
The height in life of the person from which the skeleton came 
has been calculated from the length of the femur by using 
Pearson’s formula. And from tables of the average weight 
for height for males and females of the various races in Cey- 
lon at different ages, the probable weight of the person from 
which each skeleton came has been calculated. The average 
height of the males by these calculations was 164.5 cm. (5 feet, 
4| inches). The average weight for this height is approxi- 
mately 51 kg. ; this gives the amount of calcium per kilogram 
body weight as 16.5 gm. 

The average height of the females by these calculations was 
151.6 cm. (4 feet, Ilf inches). The average weight for this 
height is approximately 41 kg. This gives the amount of cal- 
cium per kilogram body weight as 15.2 gm. 

The details of these computations are given in table 4 for 
males and table 5 for females. 

Leitch (’37) has calculated the amount of calcium in the 
body as 30 gm. per kilogram at the age of 5 years, and as 
36 gm. from the age of 12 years, 36 gm. per kilogram also 
being the figure for adults. These figures are more than double 
the averages obtained by the methods here described; and ob- 
viously the amounts of calcium required for growth at differ- 
ent ages, if calculated on the basis of the figures given here 
will be greatly at variance with the amounts calculated by her 
figures. 

There are no complete European skeletons available in Cey- 
lon for our purposes, but we obtained one femur of a Euro- 
pean male and another femur from a European female. We 
found that the weight of the femur of the skeletons studied 
by us had a fairly constant relationship to the weight of the 
entire skeleton, the average being 8.7% for both males and 
females (column 5, tables 4 and 5). We calculated the entire 
weights of the skeletons of the Europeans from which the two 
femurs had come by using this figure. Our calculations are 
given in the last lines of tables 4 and 5. 



TABLE 4 

The relation of femur length to size and calcium content of the sJceleton: 
males of India and Ceylon 


AGB 

RACE 

WEIGHT OP 
SKELETON 

WEIGHT OP 
PEMTJB 

pst H P 

|iii 

IS 

§ 

ESTIMATED 

HEIGHT 

(peabson) 

ESTIMATED 

WEIGHT 

Iz; 

o 

a 

5m 

os 

o 

<^2 & 
bS. w 

t 

years 

20 

Sinhalese 

gm. 

3460 

gm, 

300 

8.6 

mm. 

441 

cm. 

164.6 

kg. 

gm. 

783 

gm.fkg. 

19 

Sinhalese 

3420 

306 

8.9 

441 

164.6 


774 


24 

Sinhalese 

4080 

354 

8.2 

439 

164.2 


923 


20 

Sinhalese 

3602 

336 

9.3 

438 

163.0 


815 


50 

Sinhalese 

4290 

374 

8.7 

452 

166.6 


971 


30 

Malayalee 

4090 

350 

8.2 

448 

166.0 


925 


50 

Sinhalese 

3870 

337 

8.7 

439 

164.2 


876 


30 

Sinhalese ^ 

3740 

304 

8.1 

436 

162.3 


845 


21 

Sinhalese 

3927 

349 

8.8 

443 

165.0 


890 


30 

Indian Tamil 

3660 

314 

8.5 

446 

165.5 


828 i 


28 

Indian Tamil 

3900 

345 

8.8 

443 

165.0 


883 


50 

Indian Tamil 

3134 

292 

9.3 

452 

166.6 


684 


25 

Indian Tamil 

2723 

241 

8.8 

426 

161.7 


616 


40 

Indian Tamil 

3477 

350 

10.0 

429 

162.3 


788 


30 

Ceylon Tamil 

4482 

382 

8.4 

452 

166.6 


1014 



Average 

3724 

329 

8.8 

442 

[ 164.5 

51 

841 

16.5 


European 

5295 i 

452 


460 

167.8 

65 

1198 

18.4 


TABLE 5 

The relation of femur length to size and calcium content of the sloeleton: 
females of India and Ceylon 


AGE 

RACE 

§g 

is 

r 

t§ 

MB 

Sg 

gs i 

gS 

ESTIMATED 

HEIGHT 

(PEAKSON) 

ESTIMATED 

BODY 

WEIGHT 

o 

s 

gs 

o 

it 

o 

years 

35 

Sinhalese 

gm. 

3420 

gm. 

282 

8.2 

mm. 

439 

cm. 

158.2 

kg. 

gm. 

774 

gm. 

30 

Sinhalese 

3147 

262 

8.2 

418 

154.1 


712 


18 

Sinhalese 

2296 

271 

10.8 

391 

148.8 


520 


20 

Sinhalese 

2634 

239 

9.1 

417 

153.9 


596 


25 

Sinhalese 

2320 

206 

8.8 

398 

150.2 


525 


35 

Sinhalese 

2410 

193 

8.0 

386 

147.9 


545 


21 

Sinhalese 

2560 

210 

8.2 

386 

147.9 


, 579 


Aged 

Sinhalese 

2925 

249 

8.5 

441 

158.6 


662 


28 

Sinhalese 

3590 

340 

9.4 

413 

153.1 


817 


Aged 

Tamil 

2060 

1 187 

7,9 

423 

155.1 

• * 

466 


30 

Tamil 

2340 

1 188 

8.0 

368 

144.4 


530 


28 

Tamil 

2880 

267 

9.2 

393 

149.2 


652 


Aged 

Tamil 

2410 

1 212 

8.7 

415 

153.5 


542 


45 

Tamil 

3750 

335 

8.7 

433 

157.0 


848 

I ... 


Average 

2767 

246 

8.7 

409 

151.6 

41 

626 

15.2 


European 

2850 

248 

-• 

437 

157.8 

48 

645 

13.4 


569 
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The skeleton showed that the European woman was of light 
build, and we have guessed her weight to have been about 7^ 
stone (48 kg.)- The skeleton of the male was of robust build, 
and 10 J stone (65 kg.) is probably a conservative estimate. 
Although the method of estimating the amount of calcium in 
these European skeletons cannot be considered very satisfac- 
tory, yet it is sufficient to indicate that the amount of calcium 
per kilogram body weight is not markedly different in Cey- 
lonese and Europeans. 

Inerease in the calcmm in the hody during the years of growth 

The ultimate aim is to determine the calcium requirements 
for use in the prescription of diets ; and as there are individual 
variations, within small limits, of the amount of calcium per 
kilogram body weight only round figures may be used, and 
these should be a little higher than the estimated average. The 
increase in the calcium in the body during the years of growth 
can be approximately determined by using the figures given 
in tables 3, 4 and 5 of the amount of calcium per kilogram 
body weight of children and adults. We base the requirements 
on 12 gm. of calcium per kilogram body weight for a child 
aged 5, and neglecting variations in growth, and allowing 
an increase of 0.5 gm. a year the figure 17 gm. per kilogram 
is reached at the age of 15 years. 

The weights at different ages of children and adolescents of 
the various social classes have been published (Nicholls, ’36). 

The figures for males of the upper social status are for the 
youths and boys of the Boyal College and its preparatory 
school ; the figures for males of the lower social status are for 
boys of the free schools and others of the laboring classes. 
The former are considerably heavier at all ages. Table 6 gives 
the average weights of these boys at different ages, and from 
the amount of calcium per kilogram of body weight, the total 
amount of calcium in the body is calculated. From the in- 
creased amount of calcium in the body each year, the average 
daily retention throughout the previous year has been deter- 
mined, The columns headed B.M. in table 6 are the weights 
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and similar calculations for British males on the assumption 
that the average amount of calcium per kilogram body weight 
is more or less the same for any particular age group of males 
of any country. 

Table 7 gives the figures for females. The two social sta- 
tuses in this case are the girls of the primary and secondary 
schools. It was not possible to obtain the weights of girls of 
the highest social status. 

It will be seen from table 6 that the daily retention of cal- 
cium by the L.S.S. males ranges from 0.06 gm. between the 
ages of 5 and 6 years to 0.254 gm. between the ages of 15 and 
16 years. In the case of the U.S.S. males this retention ranges 
from 0.079 gm. between the ages of 6 and 7 years to 0.416 gm. 
between the ages of 13 and 14 years. The retention for British 
males is from 0.101 gm. between the ages of 5 and 6 years to 
0.345 gm. between the ages of 15 and 16 years. 

Table 7 shows that the retention rates are somewhat lower 
for females. 

Leitch suggests that the daily calcium requirements should 
be double the daily retention rate plus 10 mg. per kilogram 
body weight. These suggested requirements are given in the 
last column of tables 6 and 7 and are calculated for the U.S.S. 
boys and the S.S. girls. 


DISCUSSION 

There are two factors among many which must be consid- 
ered in relation to the question of calcium requirements. 
Firstly, growth does not take place at a uniform rate; the 
same applies to many, if not all metabolic processes. Periods 
of relatively great activity are succeeded by periods of less 
activity. This is shown for growth in any tables of the heights 
and weights of children at various ages. The Ceylon tables, 
from which the weights in tables 6 and 7 have been produced 
were drawn up from the measurements and weights of over 
12,000 Ceylonese children ; they show that the primary school 
girls have a rapid rate of growth between the ages of 7 and 8 
followed by a very slow rate between the ages of 8 to 9; a 
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similar state of affairs occurs between 9 to 10 and 10 to 11. 
The secondary school girls are a year ahead, i.e., the years 
of rapid growth are 8 to 9 and 10 to 11, with both periods being 
followed by a slowing down of growth; similar pulsations of 
growth are shown in the tables for the boys. Even in tables 
drawn up from the statistics of very large numbers of children 
similar pulsations can be seen, although it might be expected 
that when dealing with large numbers the irregularities in the 
growth curve would be smoothed out, because some children 
are backward and others forward in growth. 

It appears that when growth has been affected by ill health, 
or by poor diets, compensations take place. For instance, 
rapid rates of growth of the higher class Ceylon boys cease 
after the age of 17 years, but the poorest class boys have 
periods of rapid growth between the ages of 17 and 18 years ; 
similarly the secondary school girls have no periods of rapid 
growth after the age of 15 years, whereas the free school girls 
have periods of moderately rapid growth after this age. But 
there is no complete compensation, because the averages for 
the poorer classes are in all cases far below the averages for 
the better classes. 

The amount of calcium retained by growing children must 
be of the same order as the rate of growth. Not only are there 
long periods of high retention of a year or more, followed by 
long periods of low retention, but there are lesser pulsations 
in calcium retention extending over a number of days. The 
percentages of retention of the calcium intake, as shown in 
table 2 varied from 34% to 89%. Other observers have found 
great variations in the amount of calcium retained. Lusk ( ’28) 
gives an example of two children for whom calcium balances 
were determined for 10 days; K aged 5i years had a daily 
intake of 0.91 gm. of calcium and retained 0.039 or about 4% 
of the intake ; the second child N aged 7| had a daily intake of 
1.3 gm. and the daily retention was 0.478 ^ or about 36% of 
the intake. The child K was in a period of low calcium intake 

®The figures of Lusk’s table on page 573 are given in terms of CaO, and have 
been reduced to equivalents for Ca. 
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which could not continue or the child would beconae a dwarf, 
nor could the high calcium intake of the second child continue 
for long because the average daily amount of calcium required 
between the ages of 8 and 20 to produce a well-grown skeleton 
is less than 0.2 gm. 

In the adult, calcium is continually being withdrawn from 
and returned to the skeleton, hence negative balances followed 
by positive balances must be a normal state of calcitun metabo- 
lism. 

The second factor is adaptation, whether individual or 
racial. If negative balances exceed the positive balances over 
a long period of time in any individual, osteoporosis must 
eventually supervene. Many races more or less vegetarian in 
food habits, especially in lands with long dry seasons, must 
make shift on a low calcium intake. In the dry zones of Ceylon 
leafy vegetables are not obtainable for many months, and as 
the inhabitants do not take milk or eggs, the diets are very 
low in calcium; yet there is no evidence of the existence of 
osteoporosis such as a high incidence of fractures, and the 
skeletons we have examined appear normal. 

Sherman based his estimate of adult calcium requirement 
on metabolism experiments. "When in any individual the in- 
take was followed by retention he considered the requirements 
of the individual to be the amount of the intake less the amount 
retained ; and when there was a negative balance the require- 
ment was considered to be the amount of the intake plus the 
difference between the intake and the amount excreted — ^that 
is, the loss. Leitch also calculated the calcium requirements 
on calcium balance experiments. Neither of these authors 
takes into account the question of adaptations to various in- 
takes. If a person is accustomed to a calcium iutake of 0.6 
gm. daily the metabolic processes will become adapted to this 
amount and the negative and positive balances will be more 
or less equal ; but if suddenly Ms intake is reduced to 0.3 gm. 
his metabolism will not be adapted to this amoimt for some- 
time and consequently tMs intake wiU be followed by negative 
balances. On the other hand, if he has been accustomed to an 
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intake of only 0.3 gm., on an intake of this amount the nega- 
tive and positive balances will he more or less equal. 

It follows from this argument that, provided the calcium 
balances of an individual are determined over a sufficiently 
long period of time, all that such experiments will reveal is 
the daily amount of calcium the individual is accustomed to 
take; and calculation from these of optimum requirements 
cannot he made. 

The heights and weights of the Ceylon children of the poorer 
classes compare unfavorably with those of the children of the 
upper, and it may be concluded that they are stunted. It may 
be that calcium deficiency plays a small part, but there is no 
clinical evidence of this ; whereas the majority of the children 
of the poorer classes show marked signs of vitamin deficien- 
cies, such as phrynoderma, sore mouth, Bitot’s spots, xeroph- 
thalmia and night blindness at one time or another during the 
period of their growth, these signs are absent from the chil- 
dren of the upper classes (NiehoUs, ’34, ’35, ’36). 

Therefore standard allowances may safely be based upon 
the requirements of the children of the upper classes, because 
they are well grown. If it is assumed that the amount of cal- 
cium per kilogram body weight is more or less the same in 
British children as in Ceylon children then these allowances 
should be applicable in Britain. 

The calcium requirements calculated by the formula — ^grams 
of calcium retained X 2 -1- 10 mg. per kilogram body weight 
— give generous allowances. And the following, in a conveni- 
ent form for practical use, are the standard allowances as 
calculated for the Ceylon children of the upper social status 
as given in the last columns of tables 6 and 7 : 

For cMldren from age of 1 to 7 years — 0.5 gm. of Ca. 

For cMldren from age of 7 to 12 years — 0.75 gm. of Ca. 

For adolescents from age 12 to 20 years — 1.00 gm. of Ca. 

A sufficiency of any constituent in the diets of healthy indi- 
viduals is the optimum, nothing is gained by an excess, and 
as a general principle, dietary excesses should be avoided. 
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Whetlier or not a Mgli intake of caleinni over a long period is 
detrimental to health is nnknown. 

A standard allowance of 0.5 gm. of calcium daily appears 
to he sufficient for adults, excluding lactating women. 

SUMMARY 

1. The standard allowances for the daily intake of calcium 
for children and adults as given by authorities in Europe and 
America are considered too high. 

2. There is evidence of metabolic adaptation to a low cal- 
cium intake as shown by: (a) The low amounts of calcium in 
the urines of those on a low calcium intake, when compared 
with the amounts in the urines of those on a high calcium in- 
take. (b) The high percentage of calcium retention by grow- 
ing children on about 0.2 gm. of calcium daily. 

3. Many skeletons of Ceylonese children and adults have 
been weighed, and ten of these have been analyzed for moisture 
and ash. The amounts of calcium in the skeleton at different 
ages, and the amounts of calcium per kilogram body weight 
have been calculated. 

The amounts of calcium retained daily by children and ado- 
lescents of different ages have been calculated from this. 

4. Daily standard allowances for children and adults are 
suggested. 
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THE HOLE OF THE ANTIDERMATOSIS VITAMIN AND 
A NEW WATER-SOLUBLE GROWTH FACTOR 
IN THE NUTRITION OF THE 
MATURE FOWL 

J. C. BAUEENFEIND AND L. C. NOEEIS 
Department of Poultry Susbandry, Cornett University, Ithaca, New York 

(Eeeeived for publication July 31, 1939) 

Ringrose, Norris and Heuser ( ’31) were the first investiga- 
tors to report the occurrence of dermatosis in chicks. Later 
Kline, Keenan, Elvehjem and Hart (’32) found that der- 
matosis, similar to that described by Ringrose and Norris but 
a more aggravated form, developed in chicks fed a diet that 
had been heated in a dry atmosphere for 144 hours at 100° C. 
Both groups of investigators considered that the factor pre- 
venting the dermatosis was vitamin G or B 2 . Ringrose and 
Norris ( ’34) reported that the factor which prevented derma- 
tosis in chicks was a complex consisting of a growth-promoting 
component, stable to prolonged dry heat treatment, and a 
dermatosis-preventing component, unstable under these con- 
ditions. Lepkovsky and Jukes (’35) also presented evidence 
that vitamin G consisted of two components, one of which was 
adsorbed upon fuller’s earth while the other remained in the 
filtrate. Ringrose and Norris (’36 b) confirmed the results of 
Lepkovsky and Jukes showing that these components of the 
vitamin G complex are differentially adsorbed upon fuller’s 
earth. The component remaining in the filtrate prevented der- 
matosis in chicks. It was called the filtrate factor by Lepkov- 
sky and Jukes. These investigators found that the dermatosis- 
preventing factor was present in the filtrate obtained by 
treating a water-extract of rice bran with fuller’s earth as well 
as in certain other materials. 
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Since the discovery of Kline and associates (’32) that 
the antidermatosis vitamin is destroyed by prolonged dry heat 
treatment, dermatosis has been frequently produced in the 
experimental laboratory. No evidence, however, that the ma- 
ture fowl suffers from a deficiency of this vitamin has yet been 
reported. Hence, a study of this problem was undertaken, the 
results of which are presented in this paper. In the course of 
the study evidence was obtained that the experimental diets 
were deficient in another factor required for growth and re- 
production as well as the antidermatosis vitamin. The results 
demonstrating this are also presented herein. Since the initia- 
tion of the study, Lepkovsky, Taylor, Jukes and Ahnquist 
(’38) have reported that the antidermatosis vitamin, under 
the conditions studied, seems to exercise no function in main- 
taining normal egg production and hatchability. 

EXPERIMENTAL PROCEDURE 

White Leghorn chicks and hens were used as experimental 
subjects in this study. The chicks were the progeny of hens 
fed in an adequate manner except where otherwise stated. All 
hens were reared and fed normally and were in full production 
at the time the experimental work was begun. All chicks and 
hens were selected for desired qualities at the beginning of 
each experiment after which they were distributed into 
groups. The pens in which the chicks and hens were confined 
were equipped with wire-mesh floors in order to reduce cop- 
rophagy to a minimum. In the work on reproduction the males 
were rotated among the lots frequently in order to rule out 
differences in breeding capacity. Both chicks and hens were 
identified by numbered wing or leg bands. The chicks were 
weighed weekly and the hens by periods of 2 weeks. The sig- 
nificance of the growth differences between the lots of chicks 
was calculated according to the method of Titus and Hammond 
(’35). Observations were made at time of weighing for the 
occurrence and severity of dermatosis in each chick. The de- 
gree of dermatosis per lot was then calculated according to 
the procedure of Ringrose and Norris (’36 a). 
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The diets used in this study were adapted after the heated 
diet used by Kline and associates (’32) in producing der- 
matosis in chicks. In order to render the diets free of the 
antidermatosis vitamin, the cereal portion and the liver ex- 
tract (pre-mix) were heated in an oven for 36 hours at 120°C., 
and the casein was purified by the method of Sharp and De- 
Tomasi.^ Henceforth, the diets containing the unheated cer- 
eals are referred to as diet CA (chick adequate diet) and diet 
HA (hen adequate diet) and the diets free of the antidermato- 


TABLB 1 

BxperimentaZ diets 



PARTS 


YeUow com meal 

40.65 


Wheat bran 

20.00 


Wheat flour middlings 

20.00 


Liver extract 

0.35 



CHICK DIET 

HEN DIET 


% 

Vo 

Pre-mix 

79.25 

81.00 

Purified casein 

13.00 

7.00 

Crude expeller soy bean oil 

4.00 

5.00 

Wheat germ oil 

.... 

0.50 

Cod liver oil 

0.25 

0.50 

Pulverized limestone 

2.00 

3.50 

Steamed bone meal 

1.00 

2.00 

Iodized salt 

0.50 

0.50 

Manganese carbonate 

.... 

trace 

Protein content 

21.00 

16.50 


sis vitamin as diet CD (chick deficient diet) and diet HD (hen 
deficient diet). Table 1 gives the composition of diets CA and 
HA. 

The cod liver oil used in these diets was a biologically 
assayed one, containing 3000 U.S.P. imits of vitamin A per 
gram and 250 A.O.A.C. units of vitamin D per gram. Accord- 
ing to Norris (’39), this oil in the amounts used provided 
quantities of vitamin A and D in excess of the requirements 
for growth and reproduction. Although vitamin E is stable 

^ Unpublished method by Sharp and DeTomasi of the Department of Dairy 
Husbandry, Cornell University. 
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to dry heat treatment, biologically assayed wheat germ oil 
was added to the hen diets in an amount that provided ap- 
proximately i ce. of oil per hen per day. According to Card, 
Mitchell and Hamilton (’30), this quantity of wheat germ oil 
is sufficient to provide for the vitamin E needs of the hens 
exclusive of that in the cereal portion of the diet. The soy 
bean oil used in the diets was biologically assayed for vitamin 
K, using a modification of the method of Almquist and Stok- 
stad (’37). In chicks fed diet CD a level of 4% promoted 
normal blood-clotting time. This oil was found to prevent 
chicks from developing nutritional encephalomalacia when fed 
the diet of Pappenheimer and Q-oettsch ( ’31) ; also it prevented 
the development of ataxic symptoms in chicks fed the vitanain 
B 4 -deficient diet of Kline, Bird, Elvehjem and Hart ( ’36). The 
cod liver oil and wheat germ oil were added to the diets at 
intervals not greater than 7 days while the soy bean oil was 
added at the beginning of each experiment. 

The deficient diets were found to be adequate in thiamin 
since the feeding of 75 ng. of thiamin hydrochloride per chick 
daily did not increase the growth of chicks fed diet CD above 
that of chicks receiving diet CD alone. Furthermore, poly- 
neuritis was never observed in chicks fed this diet. These re- 
sults therefore confirm those of Keenan, Kline, Elvehjem and 
Hart (’35). 

Although no evidence has appeared showing that vitamin 
Be is essential in poultry nutrition, the deficient diets were 
proved to be adequate in this vitamin by means of the bio- 
assay procedure of Bender and Supplee (’37), in which rat 
growth and the development of acrodynia are used as criteria. 
Nicotinic acid supplied either orally or parenterally failed to 
stimulate the growth of chicks fed diet CD above that obtained 
on diet CD alone. It was also ineffective in preventing or 
curing the dermatosis which develops in chicks fed this diet in 
agreement with results previously reported by Mickelsen, 
Waisman and Elvehjem (’38). 

The results of fluorometric determinations by the method 
of Hodson and Norris ( ’38) showed that the liver extract here 
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used contained approximately 800 pg. of riboflavin per gram. 
This was in agreement with the results of a bioassay with 
chicks which showed that the liver extract contained approxi- 
mately 770 Mg* of riboflavin per gram. In this same bioassay 
it was found that the deficient diets contained 330 pg. of ribo- 
flavin per 100 gm., an amount in excess of that reported by 
Norris, Wilgus, Heiman, Ringrose and Heuser (’36) to be 
necessary for growth and reproduction. It was further found 
that the riboflavin content of the egg albumen of the eggs of 
hens fed diet HA and that of the eggs of the hens fed diet HD 
was approximately the same. 

From the results of the bioassays of the deficient diets as 
well as those of certain of the special ingredients, it is evident 
that they were adequate in vitamins A, B, B4, Be, D, E, G, K, 
and the antiencephalomalacia factor. The diets were also 
either adequate in nicotinic acid or this vitamin is not required 
in poultry nutrition. These conclusions are supported by the 
failure of any characteristic symptoms of a deficiency of any 
of these vitamins to develop in the chicks and hens used in 
subsequent experiments. 

Rice bran filtrate® prepared according to the method of 
Lepkovsky and Jukes ( ’35) was used as the source of the anti- 
dermatosis vitamin in this study. It was made from an aque- 
ous extract of rice bran by twice subjecting the extract to 
fuller’s earth adsorption, filtering off the fuller’s earth, and 
concentrating the filtrate under vacuum. The filtrate, when 
assayed according to the method of Lepkovsky and Jukes 
(’36), was found to contain 25 units of the antidermatosis 
vitamin per gram. 

Before beginning the work with hens it was felt desirable 
to determine whether or not diet CD, when supplemented with 
a sufficient quantity of the rice bran filtrate, would promote 
the same rate of growth as diet CA and thus be shown to be 
complete in all factors present in the latter diet, except the 
antidermatosis vitamin. Graded quantities of the rice bran 
filtrate were added to diet CD and fed to a corresponding 

* Obtained from Vitab Products, Inc., Emeryville, California. 
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number of lots of cMcks. One lot fed diet CD alone served as 
a negative control, and another fed diet CA as a positive con- 
trol. The chicks were depleted of their reserves of the anti- 
dermatosis vitamin for 1 week before being placed upon 
experiment. The outline of the experiment and a summary 
of the results are presented in table 2. 

Some dermatosis developed in nearly all lots during the first 
week that the chicks were on experiment as a consequence of 
the depletion during the previous week. In the negative con- 
trol lot and the lots receiving 1 and 2% of the rice bran fil- 


TABIiE 2 

Adequacy of diet CD when supplemented with rice hr an filtrate 
{fourteen chicles per lot) 


TREATMElfT 

DEGREE OF 
DERMATOSIS 

At 2 At 5 

weeks weeks 

MORTALITY 
AT 5 
WEEKS 

WEIGHT 

AT 5 
WEEKS 

SIGNIPI- 
CAHCE OP 

BNCB 


% 

% 

% 

gm. 


Diet CD 

6.4 

37.6 

7.2 

89.0 ^ 

2.29 

CD 4- 1% riee bran filtrate 

6.4 

27.4 

7.2 

114.2 


CD 2% rice bran filtrate 

5.5 

19.7 

7.2 

152.1 ^ 

O.Di 

CD + 4% rice bran filtrate 

2.4 

2.8 

14.4 

184.6 > 

2.25 

CD 4-8% rice bran filtrate 

1.6 

0.0 

7.2 

206.0 > 

2.00 

Diet CA 

0.0 

0.0 

7.2 

266.5 > 

5.44 

= 1.99, odds = 19: 1; 


t = 2.64, 

odds = 99 : 

1. 



trate, the percentage degree of dermatosis gradually increased 
during the course of the experiment. In the lot receiving 4% 
of the filtrate, there was no appreciable increase in the degree 
of dermatosis, while in the lot receiving 8fo the degree of 
dermatosis decreased. In a previous experiment the degree 
of dermatosis decreased slightly under identical circum- 
stances in the lot receiving 4% of the filtrate. It is evident 
from these results that 4% of the filtrate supplied a sufficient 
amoumt of the antidermatosis vitamin to prevent the develop- 
ment of dermatosis. According to Ahnquist, Jukes and New- 
lon ( ’38) a chick diet containing 90 units of the antidermatosis 
vitamin per 100 gm. contains a sufficient amount for normal 
growth. 
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The growth of the chicks fed diet CD containing 8% of the 
rice bran filtrate was much less, however, than that attained 
on diet OA. The difference in growth was strikingly signifi- 
cant. On the other hand, the difference in growth between the 
lot fed the 8% level of the filtrate and the 4% level was barely 
significant. From these results it is evident that there is a 
growth factor lacking in diet CD which is not supplied in ade- 
quate amounts by rice bran filtrate and hence is not identical 
with the antidermatosis vitamin. Since diet CD was shown to 
be adequately supplied with all the known vitamins except the 
antidermatosis vitamin, the missing factor cannot be one of 
them. It is organic in nature, since it is destroyed by dry heat 
treatment. A preliminary report of these results has been 
made by Bauernfeind, Schumacher, Hodson, Norris and 
Heuser (’38). 

In an attempt to find sources of the missing factor which 
could be used to make the deficient diets complete, when sup- 
plemented with the antidermatosis vitamin, resort was made 
to dried liver and liver extract, since Eingrose and Norris 
( ’36 b) showed that a chick diet similar to diet CD when sup- 
plemented with dried liver promoted a superior rate of growth 
in chicks. Whey adsorbate was also used in this experiment, 
since from information available at this laboratory, it was 
possible to show that the growth response which Jukes (’37) 
obtained from this product could not be accounted for by its 
riboflavin content. The results of this experiment are pre- 
sented in table 3. They show that these products at the levels 
used promoted growth which was significantly greater than 
that obtained in chicks fed diet CD supplemented with rice 
bran filtrate alone. The growth stimulated by these products 
was nearly as great as that promoted by diet CA. 

In further work it was found that rice bran extract, rice 
bran adsorbate, dried brewer’s yeast, autoclaved brewer’s 
yeast, aqueous extract of brewer’s yeast and grass juice pro- 
moted an increase in weight above that of the control lot which 
was strikingly significant in all but two instances. In these 
instances the growth difference was considerably better than 
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that required for mere statistical significance. The growth 
obtained in most instances was approximately equal to that 
obtained on diet CA. 

These results showed that the factor lacking in the deficient 
diets, when supplemented with the antidermatosis vitamin, is 
water-soluhle, adsorbed on fuller’s earth and not destroyed in 

TABLE 3 

, Sources of the new growth factor 


(first experiment sixteen chicles per lot; second experiment twelve chicles per lot) 


TRBATMBNT 

MORTALITY 

WEIGHT 

AT 5 
WEEKS 

SIGNIFI- 
CANCE OF 
DIFFER- 
ENCE 

Experiment 1 




% 

gm. 


Diet CD + 6% rice bran filtrate (BD) 

12.5 

203.2 


BD + 300 fig. riboflavin per 100 gm. 

6.3 

208.3 

0.4 

BD 4* 4% whey adsorbate no. 1 

5.3 

235.0 

2.5 

BD 4 3% liver adsorbate 

0.0 

239.1 

2.8 

BD 4 0.35% liver extract 

12.5 

240.4 

2.9 

Diet CA 

6.3 

250.4 

3.7 

Experiment 2 



Diet CD 4 0% rice bran filtrate (BD) 

0.0 

204.3 

*t* 2 

BD 4 300 fig. riboflavin per 100 gm. 

0.0 

208.8 

0.4 

Diet CD 4 0% rice bran extract 

0.0 

254.1 

3.7 

BD 4 4% rice bran adsorbate 

8.3 

243.8 

2.9 

BD 4 1% whey adsorbate no. 2 

0.0 

246.3 

3.0 

BD 4 5% brewer ^s yeast 

0.0 

308.5 

7.7 

BD 4 5% autoclaved yeast 

0.0 

301.2 

7.3 

BD 4 aqueous extract of brewer ’s yeast 

05% 8.3 

276.3 

4.9 

BD 4 25% grass juice 

16.6 

267.8 

4.8 

Diet CA 

0.0 

275.1 

5.2 


^ First experiment t = 1.9, odds 19: 1; t ~ 2.6, odds 99; 1. 

® Second experiment t = 2.0, odds 19: Ij t = 3.6, odds 99: 1. 


yeast by autoclaving for 5 hours at 15-pound pressure. By 
treatment of rice bran extract with fuller’s earth the new 
factor is separated from the antidermatosis vitamin and by 
prolonged dry heat treatment from riboflavin. 

In the experimental work on the role of the antidermatosis 
vitamin in the nutrition of the mature fowl two experiments 
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were conducted. In both, experiments the hens were fed diet 
HD alone until the hatchability of their eggs approached zero. 
The plan of both experiments and the results obtained are 
presented in table 4 In the first experiment the average hatch 
of the fertile eggs of the hens fed diet HD varied from 2.5 to 
4.5% as compared to 60.8 to 68.8% for the eggs of the hens 
fed diet HA. When diet HD was supplemented with 5% of 
rice bran filtrate, a slight improvement in reproduction was 

TABLE 4 


Effect of the antidermatosis vitamin and the new growth factor upon the 
nutrition of the mature fowl 


TREATMENT AND 
EXPERIMENTAL PERIOD 

HENS 

PER 

PEN 

. LENGTH 
' EXPERI- 

MENTAL 
PERIOD 

AVERAGE 

WEIGHT 

AVERAGE 
EGGS PER 
HEN PER 
W^EEK 

EGGS 

SET 

HATCH 


no. 

Experiment 1 

weeks gm. 

no. 

no. 

% 

Diet HA (1) 

24 

8 

1893 

3.34 

581 

68.8 

Diet HA (2) 

23 

6 

1934 

2.98 

351 

68.6 

Diet HA (3) 

21 

6 

1843 

2.57 

232 

€0.8 

Diet HD (1) 

14 

8 

1780 

3.41 

357 

4.5 

Diet HD (2) 

13 

6 

1396 

2.14 

145 

2.5 

Diet HD (3) 

6 

6 

1697 

3.73 

122 

2.9 

HD + 5% rice bran 
filtrate (1) 

15 

8 

1772 

3.50 

416 

12.3 

HD + 10% rice bran 
filtrate (2) 

14 

6 

1694 

2.72 

193 

6.3 

HD + 5% whey 
adsorbate (3) 

10 

6 

1523 

2.57 

152 

3.2 

HD + 5% whey 
abdorbate + 5% 
rice bran filtrate (3) 

11 

6 

1453 

2.33 

136 

50,6 

Diet HA (1) 

17 

Experiment 2 

6 1779 

3.51 

301 

54,0 

Diet HA (2) 

12 

5 

1662 

3.42 

188 

65.4 

Diet HD (1) 

17 

6 

1718 

3.29 

274 

2.5 

Diet HD (2) 

12 

5 

1667 

4.26 

253 

6.6 

HD + 5% rice bran 
filtrate (1) 

17 

6 

1732 

3.85 

330 

14.0 

HD + alcohol ppt, O 

7,5% brewer^s yeast (2) 

12 

5 

1719 

3.91 

3 

217 

8.7 

HD + alcohol ppt. O 

7.5% brewer's yeast + 
5% rice bran filtrate (2) 

12 

5 

1676 

3.51 

3 

195 

50.6 




588 


J. 0. BAXJEESrrEIND AND L. C. NOKEIS 


obtained. In the next experimental period, however, this im- 
provement was not maintained, as the hatch of the fertile eggs 
dropped to 6.3%, in spite of the fact that the amount of rice 
bran fidtrate in diet HD was increased to 10%. When diet HD 
was supplemented with 5% of whey adsorbate, the average 
hatch of the fertile eggs was no greater than that obtained 
with the rice bran filtrate. On the other hand, when diet HD 
was supplemented with both rice bran filtrate and whey ab- 
sorbate, the average hatch of the fertile eggs was 50.6%, a 
striking increase above that obtained when either of these 
supplements was fed alone. It is evident from these results, 
therefore, that the rice bran filtrate (antidermatosis vitamin) 
and the whey adsorbate (new factor) are both required for 
reproduction in the domestic fowl. A preliminary announce- 
ment of the role of the antidermatosis vitamin in reproduction 
was made by Bauernfeind and Norris ( ’39). 

The hens fed diet HD failed to attain as good reproduction 
or maintain their weight as well as those fed diet HA. 
Whether these results were due to the fact that more of the 
new factor is required for reproduction and maintenance of 
weight than was fed, or whether diet HD is lacking in another 
factor, or factors, required for these purposes, cannot be de- 
termined from the evidence. Since the average egg production 
per hen per week was approximately the same throughout this 
experiment, it appears that neither the antidermatosis vita- 
min nor the new factor, under the conditions of the experiment, 
is concerned in the maintenance of egg production. 

In a repetition of this work the foUowiug year using another 
group of hens, results were obtained which confirmed those of 
the first experiment. The plan of the second experiment and 
the results are also presented in table 4. In this experiment 
the average hatch of the fertile eggs of the hens fed diet HD 
varied from 2.5 to 6.6% as compared to 54.0 to 65.4% for the 
eggs of the hens fed diet HA. When diet HD was supple- 
mented with 5% of rice bran, the average hatch of the fertile 
eggs was 14%. When diet HD was supplemented with an 
alcohol precipitate of the water extract of dried brewer’s 
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yeast, a material found by Schumacher and Heuser ( ’39) to 
be a rich source of the new factor and reasonably free of the 
antidermatosis vitamin and riboflavin, the average hatch of 
the fertile eggs was 8.7%. The slight increase in reproduction 
obtained by adding either one of these supplements to diet HD 
is not believed to be significant. On the other hand, when diet 
HD was supplemented with both rice bran filtrate and the alco- 
hol precipitate, the average hatch of the fertile eggs was 
50.6%, a striking increase in reproduction above that obtained 
on diet HD alone or when supplemented with either one of 
these materials. 

When the second experiment was in progress. Jutes (’39) 
and Woolley, Waisman and Elvehjem ( ’39) presented evidence 
strongly indicating that the antidermatosis vitamin is identi- 
cal with pantothenic acid, obtained from liver by Williams, 
Truesdail, Weinstock, Eohrmann, Lyman and McBumey 
(’38). In this study the filtrate obtained by treating a water 
extract of rice bran with fuller’s earth prevented the develop- 
ment of dermatosis in chicks fed diet CD and markedly in- 
creased the hatch of the fertile eggs of hens fed diet HD. The 
few chicks that hatched from the eggs of hens fed diet HD 
developed dermatosis much sooner, when fed a diet deficient 
in the antidermatosis vitamin, than normal chicks. This is 
evidence that the eggs produced by hens fed diet HD contained 
less antidermatosis vitamin than normal eggs. While these 
results are suggestive, it is impossible to conclude from them 
that the factor in rice bran filtrate necessary for reproduction 
in hens fed diet HD is identical with the antidermatosis vita- 
min in the sense to which it now appears restricted by the dis- 
covery of Jukes, and of Woolley and associates. 

SUMMAEY 

In experimental work on the role of the antidermatosis vita- 
min in the nutrition of the mature fowl, an experimental diet 
deficient in the vitamin was developed by subjecting the cereal 
portion and the liver extract to prolonged dry heat treatment 
and the casein to special purification. This diet was shown to 
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be adequate in vitamins A, B, B4, Be, B, E, G, K, and the anti- 
encepbalomalacia factor. Nicotinic acid was found either to 
be present in the diet or else not needed in avian nutrition. 

The hen diet modified to make it adaptable for feeding chicks 
was found, when supplemented with the antidermatosis vita- 
min, to be deficient in another factor required for chick growth, 
not identical with any of the known vitamins. The new factor 
was shown to be destroyed by prolonged dry heat treatment, 
stable in yeast to autoclaving, water-soluble, adsorbable upon 
fuller ’s earth and present in milk, liver, yeast and fresh green 
grass. 

Both the antidermatosis vitamin and the new factor were 
found to be necessary for reproduction in the domestic fowl. 
Supplementing the deficient diet with both these factors, how- 
ever, failed to promote normal reproduction or to maintain 
the weight of the hens, but egg production was satisfactory. 
Whether these results were evidence that an insufficient quan- 
tity of the new factor was fed or that the experimental diet 
was deficient in another factor, or factors, required for repro- 
duction and maintenance of weight, could not be determined 
from the evidence. 
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SEVEN FIGURES 

The presence of thiamine in human urine was first demon- 
strated by Muckenfuss (’18) and this finding subsequently 
confirmed by van der Walle (’22). Recent studies have been 
concerned with the quantitative estimation of the vitamin in 
urine using both biological (Harris and Leong, ’36; Roscoe, 
’36 ; Knott, ’36 ; Helmer, ’37 ; Leong, ’37 ; Light, Schultz, Atkin 
and Cracas, ’38) and chemical (Westenbrink and Goudsmit, 
’37 and ’38 a; Karrer, ’37; Ritsert, ’38) methods of assay. 
For the latter purpose the thioehrome procedure has been used 
exclusively. 

In the present study the thiamine content of urines from 
normal adults was determined by the method of Melniek and 
Field based upon the reaction between the vitamin and diazo- 
tized p-aminoacetophenone and described in detail elsewhere 
( ’39 b). It has been shown to be specific. No attempt has been 
made in the present study to insure the excretion of an acid 
urine because the work of Melniek and Feld just cited showed 
this to be unnecessary. Since these authors have also shown 

* The expense of this study was defrayed by grants from the Upjohn Company, 
Kalamazoo, and from the Eaekham School of Graduate Studies, University of 
Michigan. 

* Upjohin Rellow in Clinical Research, 1937—1940. 

® Upjohn Pellow in Clinical Research, 1938—1940. 
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that thiamine in urine is in the free nonphosphorylated form, 
only estimations of the free compound were made. 

The amount of thiamine in the feces was not determiued 
in the present study. Such a determination is of questionable 
value since the normal fecal thiamine content appears to be 
constant and independent of the dietary intake, and arises 
practically entirely from bacterial synthesis in the lower part 
of the intestine (Leong, ’37). This synthesized vitamin is re- 
tained in the bacterial cells and excreted with the feces 
(Abdel-Salaam and Leong, ’38). Furthermore, no appreciable 
amounts of thiamine are excreted into the gut, even when 
large amounts of the vitamin are present in the tissues (Leong, 
’37). 

Investigations of the factors influencing the urinary excre- 
tion of thiamine were necessary before significance could be 
attached to the values obtained. 

Diurnal variation in the urinary excretion of thiamine and 
its significance 

Westenbrink and Goudsmit ( ’37) have reported a diurnal 
variation in the urinary excretion of thiamine and suggested 
that this may be due to a partial thiamine deficiency in the 
morning. Our findings indicate that the normal diurnal varia- 
tion is due to an appreciable lag in excretion of the vitamin 
ingested in the diet and that the low values during the morning 
are not associated with any latent deficiency. 

The urines from each of three normal male subjects, sub- 
sisting on adequate diets of calculated thiamine content,^ were 

* In the present report calculations of the thiamine contents of all the diets were 
based upon the tables compiled by "Williams and Spies ('38). It is preferable to 
use their values in conducting balance studies with thiamine since the authors 
have attempted to estimate the true vitamin content wdth correction made for the 
amount of fat present. The vitamin Bi-sparing action of fat has been shown to 
be due to the decreased metabolic requirements for thiamine when the fat content 
of the diet is increased (Stirn, Arnold and Elvehjem, ’39) and not to the actual 
presence of the vitamin in the foodstuff (Melnick and Field, ’39 a). Thus, varia- 
tions in ratio of fat to the non-fat constituents of each food can alter markedly 
the apparent thiamine content as estimated by methods of biological assay. 
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collected during six consecutive 4-liour periods and analyzed 
separately. The results obtained are presented in figure 1. 
The test -was repeated with one of the subjects, subsisting on 
the same diet, but this time 48 hours subsequent to the in- 
gestion of an extra oral dose of 5 mg. of thiamine (fig. 1). It 
is improbable that any latent thiamine deficiency existed since 
the subject now excreted an amount of thiamine, 273 micro- 
grams, far in excess of those recorded for this individual while 
ingesting the constant diet (table 2). The values for each 4- 
hour period were now approximately 50% greater than before 
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Fig. 1 Normal diurnal variation in the urinary thiamine values. 

Fig. 2 Urinary excretion of thiamine when administered parenterally and orally 
to the same normal subject, corrected for the basal excretion of thiamine. 


with the previously observed relationship in thiamine excre- 
tion during the successive periods remaining unchanged. Also 
the diurnal variation observed in one subject while on a 
normal diet disappeared when he subsisted on a thiamine-free 
diet of washed polished rice, butter and dextrose. 

UTWQfTy excTetio% of followifig the (idMifiistTdtiofi 

of a test dose of extra vitamin 

A 5 mg. test dose of the vitamin was administered both par- 
enterally and orally to the same three subjects used in the 
study of the diurnal variations in thiamine excretion. In these 
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tests the individuals subsisted on the same diets as previously 
used so that corrections could be made for the amount of the 
vitamin normally excreted in the corresponding periods 
(fig. 1). The percentages of the dose recovered in the urine, 
partitioned and collected from one of the subjects (D.M.) over 
the 24-hour periods are presented in figure 2. The results with* 
the other subjects were essentially the same. When the vita- 
min is given parenterally most of the total amount excreted 
is found in the first 4-hour sample. The greatest amoimt re- 
covered followed the intravenous injection of the vitamin. A 
more gradual and a smaller total excretion is observed when 
thiamine is taken orally with a meal. 

In spite of the advantage of the parenteral route in elimi- 
nating variations in rate and degree of intestinal absorption, 
we agree with Westenbrink and Goudsmit ( ’38 b) that the oral 
route is preferable for the administration of a single test dose. 
The objection to the use of the parenteral routes arises from 
the fact that the organism is rapidly ‘flooded’ with the vita- 
min with the major excretion after the test dose occurring 
within the first 4-hour period. Figure 3 illustrates that such 
a flooding effect occurs in avitaminotic individuals and tends 
to mask the difference in excretion between such persons and 
those normally nourished. The alcoholic neuritic excreted 
approximately 30% as much thiamine as the normal individual 
when no extra vitamin was given. When the test dose was 
injected, large amounts of thiamine were recovered from the 
urine. When the dose was increased, the percentage recovery 
of the extra thiamine from the urine of this patient showed 
relatively a much greater gain (300%) as compared with the 
normal (100%). The difference in thiamine excretion between 
these individuals was now largely eliminated. Clinical use of 
the oral test dose for supplementing information obtained by 
analyzing the usual 24-hour urine specimens has proved very 
valuable (Robinson, Mehuck and Field, ’40). 

Further studies, presented in figure 4, indicate the import- 
ance of giving the oral test dose with a meal. When an aqueous 
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solution ® of 5 mg. of tMamine is taken 12 hours after the last 
meal and 3 hours prior to breakfast, the fraction excreted in 
the urine is much less than when the same dose is taken with 
the largest meal of the day.® Apparently a considerable part 
of the vitamin taken into the fasting stomach, is destroyed 
prior to absorption. However, the major excretions of thia- 
mine during the first 4-hour periods suggest that the vitamin 



Ejttra Thiamine TKiCtmitlfi Pose 
in Uirine ^ i 
Jf/f Kys. luKen 'Taken. when faKett 



Hours afler 5000 y ©f Thiamine 
Taken Orally 


Fig. 3 ‘Flooding^ effect in both normal and avitaminotic subjects when the 
test dose of extra thiamine is administered parenterally. Correction was made 
for the basal excretion of thiamine. 

Fig. 4 Difference in the urinary excretion of thiamine when the oral test dose 
of extra vitamin is taken with a meal and without a meal with the normal subject 
now post-absorptive. Correction was made for the basal excretion of tMamine. 


is absorbed more rapidly under these conditions. Investiga- 
tions of the stability of thiamine in the gastro-intestinal secre- 
tions under conditions simulating those in vivo are now in 
progress. 

®In such a solution, adjusted to a pH acid to congo red and stored in the re- 
frigerator, there will be no destruction of the vitamin for a period of at least 
1 month. 

®In these studies the subjects subsisted on the same diets used in the study of 
the diurnal variations (fig. 1) so that corrections could be made for the amount 
of the vitamin normally excreted. 
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The 24-hour urinary excretion of thiamine and the response 
to an oral test dose of extra vitamin 

Fifteen normal men and ten normal women, from 25 to 35 
years of age, were used in this study. The subjects were hos- 
pital staff members and their wives, subsisting on supposedly 
adequate diets composed of a wide variety of foods. Selection 
of foods during the test period was left to the choice of the 
subject and represented what that individual generally ate. 
Each subject ate the same diet for at least 2 consecutive days 
and two corresponding 24-hour urine specimens were col- 
lected.’ Just prior to the collection of the second sample and 
immediately after the largest meal of the day an aqueous 
solution of 5 mg. of thiamine was taken orally. The first urine 
sample was analyzed to obtain the 24-hour urinary thiamine 
value when the diet furnished the entire supply of the vitamin. 
The second sample was analyzed to determine the total thia- 
mine excretion after the oral dose was taken and, by subtract- 
ing from this the value for the preceding day, the per cent of 
the oral dose excreted in 24 hours was determined. The re- 
sults of this study are presented in table 1. 

The men were observed to excrete from 90 to 350 micro- 
grams of thiamine per day, with the average value of 198. 
The latter represents an excretion of about 20% of the dietary 
intake. From 8 to 19% of the oral test dose was recovered 
from the urine, averaging 14%. The women excreted much 
less thiamine than the men, the values ranging from 61 to 146 
micrograms of thiamine per day with an average value of 93 
micrograms, or about 14% of the dietary intake. About 12% 
of the oral test dose was recovered from the urine on the fol- 
lowing day. 

Variations among the 24-hour urinary thiamine values ob- 
tained with these subjects cannot be attributed to differences 
in metabolism or in either the vitamin to calorie (Cowgill, ’34) 
or in the thiamine to non-fat calorie ratio of the diet (Wil- 

^ The two 24-hour periods, during which the urine samples were collected, began 
in each case after dinner. 
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TABLE 1 


Urinary excretion of thiamine hy normal men and women before and after the oral 
administration of SOOO micrograms (7) of extra vitamin 




niEiTART 

THIAMINE 

NON-PAT 

CALORIE 

RATIO 

24-hour URINE 
VOLUME 



THIAMINE EX- 
CRETED IN URINE 

PSAGTICN 
EXCRETED OP 

SUBJECT 

(HEIGHT) 

THIAMINE 
INTAKE 1 

Before 

oral 

dose 

After 

oral 

dose 

Before 

oral 

dose 

After 

oral 

dose 

Dietary 

intake 

Oral 

dose® 

males 

Jeff, (cm.) 

y/!l4 hrs. 


cc. 

cc. 

y/24 hrs. 

y/24 hrs. 

% 

% 

D.M. 

74 (170) 

820 

0.5 

900 

1110 

168 

915 

21 

15 

W.E. 

68 (178) 

860 

0.5 

1470 

1100 

228 

1182 

27 

19 

J.T. 

66 (163) 

1580 

1.2 

900 

950 

324 

1236 

21 

18 

D.L. 

82 (183) 

610 

0.6 

1830 

1920 

90 

732 

15 

13 

H.H. 

77 (183) 

1000 

0.7 

1740 

2040 

248 

1025 

25 

16 

H.F. 

78 (173) 

1130 

0.9 

2230 

1310 

237 

740 

21 

10 

aK. 

65 (176) 

1130 

0.8 

1300 

1940 

171 

600 

15 

9 

H.A.H. 

72 (173) 

930 

0.8 

920 

1080 

146 

550 

16 

8 

K.H. 

73 (183) 

890 

1.2 

1220 

1580 

168 

1120 

19 

19 ^ 

J.S. 

70 (170) 

610 

0.7 

1400 

1220 

102 

847 

17 

15 

J,A.C. 

68 (173) 

? 

? 

1020 


123 

.... 

? 


B.B. 

71 (180) 

? 

? 

1210 


140 


? 


W.T. 

59 (173) 

? 

? 

730 

.... 

350 

.... 

? 


E.C. 

79 (183) 

? 

? 

1510 


201 

.... 

? 


J.C. 

74 (190) 

? 

? 

1730 


269 


? 


Average 

male 

72 (177) 

960 

0.8 

1340 

1430 

198 

895 

20 

14 

females 

H.T. 

50 (152) 

750 1 

1.0 

1500 

1110 

95 

' 606 

13 

10 ! 

P.S. 

50 (157) 

640 

0.9 

850 

1200 

68 

500 

1 

9 

E.L. 

54 (157) 

840 

1.1 

1030 

1060 

74 

468 

9 

8 

M.a 

57 (168) 

840 

0.8 

2000 

1800 ' 

80 

774 

10 

14 

K.S. 

52 (152) 

690 

1.1 

1910 

1600 1 

61 

1034 

1 9 

19 

D.P. 

65 (163) 

580 

0.8 

1460 

800 

77 

800 

13 

14 

A.H. 

40 (152) 

870 i 

1.3 1 

1080 

730 i 

146 

720 

17 

12 

E.S. 

64 (168) 

450 

0.4 

1550 

1200 : 

139 

637 

31 

10 

H.W. 

47 (153) 

? 

? 

780 

810 1 

100 

726 

? 

13 

B.L.® 

(59) (165) 

(340) 

(0.5) 

(1000) 

(1020) 

(40) 

(366) 

(12) 

(7) 1 

Average 

female 

53 (158) 

710 

0.9 

1350 

1150 

93 

696 

14 

12 


^ Calculations of the thiamine contents of the diets were based upon the tables compiled by 
Williams and Spies ('38). 

® Calculated by subtracting from the total thiamine, excreted after the administration of the 
oral test dose, the 24-hour urinary thiamine value of the preceding period and dividing the 
difference by 5000 micrograms, 

® The values for this individual with respect to thiamine intake and excretion both before 
and after the administration of the oral test dose are so below the others that they have been 
eliminated in calculating the average values. This may be a case of latent deficiency. 
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liams and Spies, ’38). The urine volume also appears to be a 
factor of insignificant importance in governing the urinary 
excretion of thiamine. Prolonged diuresis has been reported 
by Cowgill and associates (’30) to cause an earlier onset of 
vitamin deficiency in dogs subsisting on a diet inadequate 
in thiamine content. However, in the present study a single 
marked diuresis by one of the subjects, subsisting on a stand- 
ardized diet but in addition forcing fluids, was not associated 
with any increase in the urinary thiamine values. 

Further studies were carried out to establish the significance 
of the urinary thiamine values. Thirty 24-hour urine samples, 
collected from two of the male subjects over a period of 8 
months, were analyzed. No attempt was made to eat the same 
diet during this period. The values obtained with one indi- 
vidual (D.M.) varied from 120 to 200 micrograms and with 
the other (W.B.) from 120 to 260 micrograms of thiamine. 
Some correlation was observed between thiamine excretion 
and the dietary intake. This marked variation in thiamine ex- 
cretion by the same individual, however, is no longer apparent 
when the subject returns to the same diet for each test. This 
is shown by the representative data obtained with each sub- 
ject and presented in table 2. Because of this reproducibility 
we feel that the values reported in table 1, although varying 
rather widely among the different individuals, are valid and 
do not represent any appreciable ‘carry-over’ effects of the 
previous diets. The response to the oral administration of 
extra vitamin is also reproducible. Large differences in the 
meals consumed by the subjects do not alter appreciably the 
characteristic response of the individuals to the oral test dose 
ingested along with these meals. The evening meals of two 
of the subjects (H.T. and J.T.), who ingested in these earlier 
experiments the same foods but different quantities of them, 
were now reversed and then followed immediately with the 
same oral test dose. The percentage excretions of the extra 
vitamin in each case were practically the same as when these 
subjects received the dose along with their regular meals. 
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In evaluating the adequacy of a patient’s dietary regime, 
individual variation in thiamine excretion is no complicating 
factor. It is the minimal normal value which is of significance, 
90 micrograms per 24 hours in the case of the males and 60 in 
the case of the female subjects (average-sized, sedentary 
adults). With patients giving reliable dietary histories of 
inadequate thiamine intake, the 24-hour urinary thiamine fig- 
ures are always below these minimal normal values (Robinson, 
Melnick and Field, ’40). 


TABLE 2 


Eeproducibility of the values for the 24-houf urinary excretion of thiamine before 
and after the oral administration of extra vitamin 


SUBJECT 

(SEX) 

DATE ^ 

1939 

1 THIAMIJTE INTAKE 

1 THIAMINE' BXOKETION 

Diets 

Oral dose 

Before 
oral dose 

After 
oral dose 

D.M. 

1/30 

micrograms 

820 

wAcrograms 

5000 

mierograms 

168 

mierograms 

915 

((?) 

3/27 

820 

5000 

200 

1002 

W.E. 

2/20 

860 

5000 

198 

1182 

(c?) 

3/20 

860 

5000 

180 

1200 

J.T. 

2/21 

1580 

5000 

324 

1236 

((?) 

3/ 7 

1580 

5000 

347 

1212 

H.T. 

2/21 

750 

5000 

95 

606 

(?) 

3/16 

750 

5000 

89 

561 

Maximal deviation of results from the averaged values 

9% 

5% 

Average deviation 



5% 

3% 


^On the first day of the test, indicated hy the recorded date, the diet alone 
furnished the sole source of thiamine. On the following day the 5 mg. dose of 
extra vitamin was taken with the subject still ingesting the same diet. 

* Calculations of the thiamine contents of the diets were based upon the tables 
compiled by Williams and Spies ('38). 


The response of the normal individual to inadequate 
thiamine intake 

The diet used in this study consisted of washed polished 
rice, white bread, Cheddar cheese, butter, 20% cream, and dex- 
trose, supplemented with adequate quantities of vitamin A, 
ascorbic acid, vitamin D and nicotinic acid. In table 3 the com- 
position of this diet is compared with that of the normal basal 
diets fed these individuals. Attempts were made to keep con- 




602 


D, MELNIOK, H. FIELD, JB. AND W. D. EOBINSON 


stant all variables but tbiamine intake. One of the subjects 
(W.E.) subsisted on the experimental diet for a period of 32 
days. After the twenty-second day the ration was supple- 
mented with thiamine to give a total intake equal to that con- 
sumed in the normal basal diet. The vitamin supplement in 
aqueous solution was partitioned so that the total thiamine 
intake at each meal was exactly the same as when ingesting 
the normal diet. The results of this study are presented in 
figure 5. It will be observed that the urinary thiamine values 
decreased precipitously from the normal to values character- 
istic of avitaminotic individuals (Robinson, Melnick and Field, 


TABLE 3 

Comparison of the normal "basal diets with the thiamine inadequate ration used in 

the present study 




THIAMINE 
INTAKE 1 

CALORIC INTAKE 

THIAMINE 

SUBJECT 

DIET 

Total 

Non-fat 

NON-FAT 

OALOBIE 

RATIO 


Normal basal 

micrograms 

860 

calories 

2900 

calories 

1680 


0.5 

W.E. 

Thiamiuc inadequate 

260 

2800 

1670 


0.16 

Inadequate + 
added thiamine 

860 

2800 

1670 


0,5 

D.M. 

Normal basal 

820 

2740 

1700 


0.5 

Thiamine inadequate 

260 

2800 

1670 


0.16 


^ Calculations of the thiamine contents of the diets were "based upon the tables 
compiled by Williams and Spies (’38). 


’40), At the time when vitamin supplementation was begun 
on the twenty-third day, the body stores of thiamine were ob- 
viously significantly reduced. Actually there was apparent 
definite clinical evidence of a deficiency characterized by ach- 
ing calf muscles after progressively decreasing amounts of 
exercise, tenderness of calf muscles and Achilles tendons, and 
paresthesias of lower extremities. The low values of thiamine 
excretion persisted despite supplementation of the diet with 
the vitamin. In order to show that there were no unknown 
factors associated with the ingestion of the inadequate diet 
tending to augment the thiamine requirements, the subject 
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returned to his normal basal ration. The urinary thiamine 
values remained in the subnormal range. The per cent of the 
oral dose excreted in the urine at the end of the study, however, 
was comparable to the normal value characteristic for this 
individual. Apparently the thiamine stores of this individual 
were gradually replenished when the vitamin intake was re- 
turned to the normal control level, so that the excessive 
amounts normally available for excretion were not present. 

In the studies by Harris and Leong ( ’36) the normal experi- 
mental subjects subsisted on the inadequate thiamine diet for 



^ Normal Oi'el; 860 i Thiiirran^<ia.t^ 

@ Normal Pief +-5^00 yThiamitie Orally 
D Ina<je<ju.tt1e Piet; Thiamin^aj^ 
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Average Values (W.R) 
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rig. 5 Urinary excretion of thiamine by the normal individual subsisting on 
an inadequate thiamine diet and then on the same ration with added vitamin. 


a period of only 3 days when the adequate diets were again 
ingested. They also observed the rapid decrease in the quan- 
tities of the vitamin excreted. However, the return to the 
normal values on re-alimentation was, in their studies, equally 
as rapid. Their findings would seem to indicate that the 24- 
hour urinary thiamine values reflect nothing more than the 
adequacy of the diet being consumed at the time of the test. 
However, from the results in the present study, the 24-hour 
values become of diagnostic importance in demonstrating ob- 
jectively whether or not a true thiamine deficiency exists. A 
low value does not iudicate irrevocably that the individual is 
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deficient. It may suggest simply that an inadequate diet was 
ingested shortly prior to and during the test. However, if the 
patient is given a normal diet a few days prior and during 
the day of the test and still excretes very small amounts of 
the vitamin, a deficiency may be considered to be present. 

The use of an oral test dose, by minimizing the differences 
in available thiamine due to variations in dietary intake. 



E Normoloief; V/.l?y 8£>0 i; D.M., 8i0 y Thiftmme/6oj | 
Si Normal Pief + 5,000 if. Thiamine Orolly 
D Irxadecjuafe Plef- 2.60^ Thlaminv«ioy 
m InadeiLUftte Pief + ^000y Thiamine Orally 


% of Pose in Urine 
SOr 


(,000 4000 

miCToofams microqrams 

injected injected 



30,000 

jnicroqrains 

Injected 


o4 8a/(ao;.^ 0 o4 8/ii/<A024 

Hours after Intremuscukr Iiyection of 
Thiamine 


Fig. 6 Normal urinary excretion of extra thiamine by normal subjects, subse- 
quent to the ingestion of the oral test dose, despite the very low 24-hour urinary 
thiamine value preceding the test. 

Fig, 7 Increase in the percentage excretion of thiamine in the urine as the 
amount available to the normal organism is increased. Correction was made for 
the basal excretion of thiamine. 


should he of value in determining the degree of saturation of 
the body with the vitamin regardless of the adequacy of the 
diet being ingested at the time. When such a test is carried 
out, there should be available a sufficiently large excess of 
thiamine so that the normal organism ought to excrete a nor- 
mal fraction of the test dose even though the previous 24-hour 
value may he low due simply to the inadequacy of the diet. 
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That this does take place is indicated from the studies pre- 
sented in figure 6. In each ease the percent of the oral dose 
excreted, correction having heen made for the urinary thia- 
mine value of the previous 24-hour period, was comparable to 
that found when the normal subject ingested an adequate diet. 

It should be noted that the percentage of the ingested vita- 
min excreted in the urine decreases markedly when the nor- 
mal intake is reduced to an inadequate level. In the study, 
summarized in figure 5, these values dropped from 20 to 5% 
qf the dietary intake. That the percentage of the available 
vitamin, which is excreted in the urine, is a function of how 
great an excess is present is indicated in figure 7. In this 
study correction was made for the amount of thiamine ex- 
creted when the subject (D.M.) subsisted on the same normal 
basal diet with no extra vitamin administered (fig. 1). This 
response of the body to variable amounts of available thia- 
mine may very well be the factor primarily responsible for 
the smaller percentage excretion of ingested vitamin in the 
case of the normal women subjects (table 1). 

Return of the urinary thiamine values to the basal level 
subsequent to the daily oral administration of 
large quantities of extra vitamin 

The procedures outlined in this report may be used to evalu- 
ate the results of thiamine therapy. Analysis of the urine 
at the time when a patient is receiving such therapy is worth- 
less because flooding the organism with ibe vitamin, even in 
cases of deficiency, results in the excretion of a large amount 
of thiamine (fig. 3). 

Two standardized subjects (D.M. and H.T., table 2) in- 
gested daily 10 mg. of thiamine along with a normal adequate 
diet for a period of 23 days. This regime is comparable to the 
therapeutic measures to which thiamine-deficient patients are 
subjected. Subsequent to this period the subjects returned to 
the same basal diet used in the standardization of these indi- 
viduals. Fully 2 weeks were required before the 24-hour uri- 
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nary thiamine values returned to the previous basal level. 
Accordingly, such a period of time should be allowed to elapse 
subsequent to therapy before conducting analyses of urines 
from treated patients. This period of 2 weeks is probably well 
above the minimal limit, since this study was conducted with 
normal subjects. Deficient individuals have in addition 
another pathway for the removal of the large amounts of 
thiamine administered, namely, the replenishment of the thia- 
mine stores in the tissues. 

Application of the observations made in the present study 
to problems of cUnicaX interest 

As a result of our studies of the urinary excretion of thia- 
mine by normal individuals, several fundamental observations 
have been made which lend themselves to clinical application. 
The standards, which we have set up, are presented in table 4 
and should apply to studies using procedures similar to our 
own. 

Studies of clinical cases of thiamine deficiency (Robinson, 
Melnick and Field, ’40) support the validity of the interpreta- 
tions which have been applied to the urinary thiamine values. 
In our investigations of normal and clinical cases more than 
120 subjects were used. In about 80% of these a close parallel- 
ism was observed between the 24-hour urinary thiamine values 
and the fractions of the oral test dose excreted. In the re- 
maining 20%, with practically no exception, the responses to 
the administration of the oral dose were normal despite the 
very low 24-hour urinary thiamine values preceding the tests. 
This disagreement has been interpreted as indicating an in- 
adequacy in the diet ingested immediately prior or during 
the test but as yet associated with no concomitant depletion 
of the thiamine stores of the organism. Low urinary thiamine 
values, subsequent to the administration of the oral test dose 
to patients with normal 24-hour values for the period prior 
to the test, were practically never observed. 
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TABLE 4 


Standards for the evaluation of the nutritional status of adult subjects with respect to thiamine 


ADULT MALE SUBJECTS 

INTEBPBIITATIONS 

ADULT EEMALB SUBJECTS 

24-hour 

urinary 

thiamine 

value 

Fraction of 
oral dose 
excreted in 
24 hours ^ 

1 

Fraction of 
oral dose 
excreted in 
24 hours ^ 

24*hour 

urinary 

thiamine 

value 

micrograms 

above 

100 

% 

7-20 

1- 7 

Normal subject subsisting on a normal diet. 
Subject deficient but receiving thiamine therapy 
during the time of the test.^ 

% 

7-20 
1- 7 

micrograms 

above 

70 

90-100 

10-20 

7-10 

1- 7 

Subject normal; diet consumed during test is 
inadequate or probably borderline with respect to 
thiamine content. 

Subject borderline with respect to thiamine 
stores; diet characteristically eaten by subject. 

Subject approaching a deficiency; diet of very 
high thiamine content ingested during test.* 

10-20 

7-10 

1- 7 

60-70 

60-90 

10-20 

7-10 

1- 7 

Subject normal; diet consumed during test is 
inadequate with respect to thiamine content.* 
Subject mildly deficient; diet may or may not 
have been adequate in thiamine content during 
day of test. 

Subject deficient, diet probably adequate during 
day of test. 

10-20 

7-10 

1- 7 

40-60 

0-60 

10-20 

7-10 

1- 7 

Subject normal; diet consumed during test is 
very inadequate with respect to thiamine content.* 
Subject mildly deficient; diet may or may not 
have been adequate in thiamine content during 
day of test. 

Subject markedly deficient; diet may or may 
not have been adequate. 

10-20 ! 

i 

! 

7-10 

1- 7 

0-40 


* Correction is made for the thiamine excreted during the preceding 24-hoiir period when the 
subject consumed the same ration but with no test dose of esrtra vitamin administered. 

* It is conceivable that an individual may have an abnormally low capacity for the absorption 
of the vitamin, but because of the daily ingestion of a diet very rich in thiamine no deficiency 
occurs. Tinder such circumstances it then becomes possible that the 24-hour urinary thiamine 
value may be well within the normal range but the percentage recovery of the oral dose may be 
low. However, in our studies we have practically never observed such a relationship in thiamine 
excretion before and after the ingestion of the oral dose unless the tests were conducted with 
an individual deficient in thiamine and receiving therapy. 

® It is likewise conceivable that an individual may be deficient but, because of an inability 
to utilize the vitamin though available, a large fraction is excreted in the urine. For example, 
the phosphorylation of thiamine may be assumed to occur principally in the liver (Ochoa and 
Peters, ’38) and the vitamin has been shown to exist, in the organism for the most part in the 
phosphorylated state (Westenbrink and Goudsmit, ’38 bf Ochoa and Peters, ’38) as a coenzyme 
in one of the important enzyme systems in the body (Lohmann and Schuster, ’37) . An injury 
to the phosphorylating mechanism may result in the inability of the body to use the vitamin. 
However, the possibility of such an alteration in thiamine metabolism has never been demon- 
strated. Furthermore, our studies of cases of thiamine deficiency with very marked liver dis- 
ease, who received thiamine intravenously over a period of several hours, have indicated that 
the vitamin is retained to the same extent as in patients with uncomplicated avitaminoses 
(Field, Eobinson and Melnick, ’40). 
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SUMMAEY 

The reaction between thiamine and diazotized p-aminoaceto- 
phenone in alkaline solution has been used for the chemical 
determination of the vitamin in urine. There is a diurnal 
variation in thiamine excretion due to an appreciable lag in 
the excretion of the vitamin subsequent to its ingestion as 
part of the meals. The responses of the standardized subject 
to both the oral and parenteral administration of a test dose 
of extra thiamine have indicated that the former procedure 
is more desirable for evaluating the nutritional status of the 
individual with respect to this vitamin. The average 24-hour 
urinary thiamine values of fifteen normal men and nine nor- 
mal women were 198 and 93 micrograms respectively; 14% of 
the oral test dose of 5 mg. of extra vitamin were excreted by 
the men during the first 24-hour period following ingestion 
and 12% by the women. Variations in these values among the 
normal subjects were not related to differences in urine vol- 
ume, in metabolism or in either the vitamin to calorie or thia- 
mine to non-fat calorie ratio of the diet. Urinary thiamine 
values of normal individuals ingesting a constant diet are 
reproducible. During the production of an experimental thia- 
mine deficiency the 24-hour urinary values drop precipitously 
to the avitaminotic range but rise slowly during recovery. 
The response of the subject to the oral test dose of extra thia- 
mine is governed by the nutritional status of the individual 
and is independent of the adequacy of the diet consumed at 
the time of the test. The percentage of the available vitamin, 
which is excreted in the urine, is a function of how great an 
excess is present. Subsequent to flooding the organism with 
thiamine a period of 2 weeks is required to elapse before the 
urinary values return to the normal basal level. Standards, 
are given for the interpretation of the urinary thiamine values 
in the diagnosis of thiamine deficiency. 
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THE ISOLATION OF DESIEED QUALITIES OF 
EADIANT ENEEGY FOE BIOLOGICAL 
EXPEEIMENTATION ^ 

LOYD A. JONES AND CLIFTON TDTTLE 

SIX riGTIRES 

(Eeeeived for pubUcation April 3, 1939) 

Equipment for the isolation of a numher of fairly narrow 
spectral regions of contianons radiation in the infra-red, visual 
and ultra-violet was described by one of us in a previous paper 
(Jones, '29). The source of radiation in this equipment was 
a carbon arc, and various filters were used beneath the arc to 
absorb imwanted regions. An area about 1 foot by li feet 
was radiated to energy levels ranging from 0.003 calories/ 
cm.Vmin. in the ultra-violet to 0.122 calories/cm.Vmin. in the 
infra-red. 

The findings of Luce-Clausen who made a study of the bio- 
logical action of these radiation bands on the rat (Luce- 
Clausen, '29) indicated that further experiments particularly 
designed to compare the near infra-red and visual regions 
might prove significant. The additional requirements of these 
proposed experiments as set forth by Luce-Clausen were two- 
fold : first, that considerably larger areas should be radiated 
to provide for simultaneous treatment of a larger number of 
animals to place the experiment upon a sound statistical basis ; 
second, that the equipment should be capable of either con- 
tinuous operation or at least of operation for a much longer 
time than was possible ia the first series of experiments. 

^Communication no. 720 from the Kodak Besearch Laboratories, Bockester, 
New York, 
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A table space of about 3 feet by 9 inches is necessary for 
the requisite number of animals to be exposed in each spectral 
region. It is desirable to maintain over this entire area an 
energy level, continuous in each band, of the order of 0.05 
caloxies/om.Vnnn. 

Choice of light source. Because a light source emitting a 
continuous spectrum was essential, gaseous discharge ares 
were eliminated.^ The frequent attention required for the 
operation of carbon arc lamps makes these impractical for the 
present purpose. 

The only source available was the incandescent tungsten 
lamp. From the point of view of ease of maintenance, cleanli- 
ness and economy, the incandescent lamp is thoroughly satis- 
factory. As a radiator in the near infra-red it is also good, but 
as a source of a considerable amount of energy in the visual 
it leaves much to be desired, especially when this visual radia- 
tion must be freed from infra-red. Figure 1 shows the spectral 
energy distribution of a tungsten lamp at 3000° K. (1000-hour 
life rating). Only about 14% of the total energy emitted by 
this lamp lies in the visual and most of the remainder in the 
infra-red. 

Choice of filter materials. In the previous experiment 
(Jones, ’29) there was much flexibility in the choice of filter 
constituents because the area to be radiated was small and the 
time of radiation was short. The best absorbers of the long 
wavelengths are liquids. In the present experiment which had 
to be carried on continuously over larger areas, liquid filters 
were out of the question for obvious reasons. The problem 
of isolating the two spectral regions consists then in selecting 
the most efiScient filter materials for the available solids, such 
as special glasses and dyed gelatins. 

Isolation of the visual. Probably the best available material 
for the separation of the infra-red from visual radiation is 
Coming Aklo glass. The curve in figure 2 shows the optical 

“The fluorescent tubes excited by gaseous discharge arcs which have recently 
become commercially available emit nearly continuous radiation in the visual spec- 
trum and might have proved useful for this experiment had they been available 
at the time. 
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density of the medium grade of this glass plotted against the 
wavelength. It should be noted that there is a marked trans- 
mission band at 500 mp where the density is 0.4 (transmittance 
about 40%) and that toward the longer wavelengths the den- 
sity rises sharply to 3.0 (transmittance 0.1%) at 760 mp. The 
density remains above 3.0 throughout the near infra-red region 
but decreases again for wavelengths longer than 1.6 p. 

With this glass alone covering the tungsten source, there 
would be an appreciable amount of long wavelength energy 
transmitted. An additional source of very long wavelength 
radiation is the Aklo glass itself which becomes heated by 
virtue of the energy which it has absorbed and may radiate 
strongly unless it is effectively cooled. 




Fig. 1 Speetral energy distribution of a tungsten lamp at 3000® K. 

Mg. 2 Optical density of Corning ‘Medium^ Aklo glass. 

Ordinary double-thickness window glass is an effective 
shield from the far infra-red radiation. With two layers of 
such glass separated from each other and from the Aklo glass 
by air spaces, much of the unwanted long wavelength energy 
originating in or transmitted by the Aklo glass may be pre- 
vented from reaching the working plane. 

The absorption characteristic of the combination filter (Aklo 
plus two layers of window glass) is shown in figure 3. 

Isolation of far infra-red. Preliminary experiments showed 
that there would be great difficulty in eliminating from the 
visual radiation all of the extreme long wavelength infra-red. 
When the combination filter just described was exposed for 
any considerable length of time to radiation, convection and 
conduction of heat from the requisite number of high-wattage 
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tungsten, sources, there ’was a rise in temperature of the low- 
est layer of 'window glass. Even a high velocity stream of 
air forced between the glass layers failed to prevent this tem- 
perature rise altogether. Had it been economically feasible 
to cool the lowest plate by a stream of water, the difficulty 
might have been overcome, but there seemed to be no effective 
and practical alternative. 

This secondary radiation has a maximum in the neighbor- 
hood of 10 |j» far beyond the regions -with which this experi- 
ment was designed to deal. Nevertheless, there seems to be 
no justification for assuming a priori that this radiation has 
no biological effect. 



WAVC vewaTK-MWMN* WAve 

Fig. 3 Optical density of Aklo glass pins two layers of window glass. 
Fig. 4 Optical density of Aklo glass plus Wxatten no. 88A filter. 


It was decided, therefore, that lacking the ability to achieve 
purity of the visible radiation, a simultaneous experiment 
would be carried out to test the effect of long-infra-red radia- 
tion alone. For this purpose an identical installation was 
made, using Aklo glass combined with a filter (Wratten no. 
88 A coated on glass) which completely absorbed the visible 
region transmitted by the Aklo glass. The density-wavelength 
characteristic of this combination is drawn in figure 4. It will 
be seen that the ultra-violet, visible and near infra-red are com- 
pletely eliminated. There is a small transmission band at 
approximately 2.4 m but the maximum transmission here is 
less than 1%. By using a few tungsten lamps mounted over 
the compound filter, it is quite easy to maintain the energy 
level at a value appreciably above the amount of long wave- 
length impurity which is unavoidably present along with the 
visual. 
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Isolation of the near infra-red. The third quality of radiant 
energy that was desired for this experiment may be referred 
to as the near infra-red. This was isolated by using a Corning 
glass filter no. 585 in combination with the infra-red (Wratten 
88A) filter previously referred to. The density wavelength 
characteristic for this combination is shown in figure 5, in 
which it is seen that there is a double transmission band lying 
between 0.75 and 2.8 m. There is a small band at about 4.0 but 
here the transmission is less than 1%. 

Arrangement of the equipment. Four difiPerent chambers 
separated from one another by partitions were prepared for 
the radiation experiment. The actual setup is made clear by 



Fig. 5 Optical density of Corning no. 585 glass plus Wratten no. 88A filter. 


reference to figure 6, which shows a scale plan of the whole 
and typical elevations of each room. Room I was kept in total 
darkness for the duration of the experiment and an effort was 
made to remove all sources of radiation from the working 
table where a control group of animals was kept. Rooms II, 
ni and IV were the near infra-red, the visual and the far 
infra-red rooms, respectively. The arrangement in each was 
the same except for differences in filters and lamp wattages. 

The rat cages, lO-inch cubicles of wire mesh, were arranged 
on tables immediately beneath the horizontal filters. The fil- 
ters were framed in metal sash, as shown in the insert in the 
figure. Above the filters is the lamp chamber. The upper and 
lower filters formed the top and bottom of a duct through 
which air was pumped at a velocity of 700 feet per minute. 
Outside air was drawn into the duct through cleaning filters. 


THE JOtTBITAL OF ITOTRITION, VOL. 18, NO. 6 
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The air stream passed consecutively through the filters in 
each of the four rooms. A portion of the air was diverted 
through the lamp chamber to help remove heat dissipated by 
the lamps. 

In room II, because of the fact that incandescent tungsten 
emits large amoimts of energy in the region transmitted by 
the filter, it was only necessary to use twenty 300-watt lamps 
in order to obtain the desired level of near infra-red radiation. 
The filter materials do not absorb in regions where large quan- 



tities of energy are emitted and consequently they do not heat 
up appreciably. Hence, there is no problem of far infra-red 
impurity in room II. 

In the visible radiation room III, twenty 1500-watt lamps 
were used and even with this amount of lighting the energy 
level was lower than was desired. Here it was that the heat- 
ing of the filters gave rise to large amounts of far infra-red. 

In room IV it was found that the air passing through the 
ducts of rooms H and HI had become heated to such an extent 
that the filters were warmed almost to a sufficient tempera- 
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ture to radiate the desired amount of the far infra-red. This 
was particularly true during the summer when the incoming 
air was already warm. A few 1500-watt lamps were installed 
in the lamp chamber of room IV to make up the deficit in 
far infra-red which occurred during the winter. 

An ambient temperature of 75° F. was maintained in all of 
the rooms throughout the course of the experiment by means 
of a York refrigeration unit. The air was conducted down 
into each room by metal pipes connected overhead with the 
fan of the refrigeration unit. 


TABLE 1 

Madiation in rooms II, III end IV in gm, caljminjcm.^ 


ELAPSED 

TIME 

BOOM NO. II 

G 585 + 88A 

inS-Jed Secondary 

BOOM NO. in 1 

Aklo + two 
window glass 

Visual Secondary 

BOOM NO. IV 

Aklo + 88A 

Secondary 

minutes 

Start 

0.065 

0.0 

0.02 

0.0 

0.0 

5 

0.1 

0.0 

0.025 

0.0 

0.002 

10 

0.1 

0.0 

0.032 

0.0 

0.075 

15 

0.1 

0.0 

0.028 

0.0 

0.11 

20 

0.10 

0.005 

0.030 

0.0 

0.14 

25 

0.10 

0.005 

0.027 

0.0 

0.15 

30 

0.10 

0.005 

0.031 

0.005 

0.15 

35 

0.10 

0.006 

0.029 

0.01 

0.155 

40 

0.10 

0.006 

0.030 

0.015 

0.160 

45 

0.10 

0.006 

0.030 

0.025 

0.160 

60 

0.10 

0.010 

0.03 

0.05 

.... 

360 

0.09 

0.01 

0,029 

0.055 

0.16 


^ The visually determined illumination in room III was approximately 300 foot 
candles. 


Energy measurements and data. Seventeen-element Moll 
thermopiles were permanently installed in each of the rooms. 
These were calibrated with a standard N'ernst burner. Ther- 
moelectric output was measured with a Eawson 0 to 0.5 milli- 
voltmeter. Connections were made through individual switches 
to a central reading station so that frequent checks on the 
operation of the equipment could be readily made. 

A typical set of data is given in table 1. 
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Eacli thermopile of course reads total energy and does not 
discriminate between secondary and desired radiation. The 
secondary radiation increases steadily as the filters warm up, 
usually reaching a steady state after about an hour of opera- 
tion. The determination of the amount of secondary present 
is made by interposing a sheet of the ordinary window glass 
over the thermopile and taking a reading before the glass has 
become warmed appreciably above room temperature. The 
readings in all the rooms are fairly consistent with the excep- 
tion of the apparent increase in the visual which continues for 
the first 20 minutes. A possible explanation for this effect is 
the gradual removal of moisture on the filters by the warm 
stream of air. During the hottest days of summer there was 
some increase in secondary radiation in all rooms. 

The equipment was turned on and off by a Sangamo time 
switch and operated for a 12-hour period each day from Octo- 
ber, 1936 to April, 1938. During that time the only attention 
required was replacements of the lamps at 10-week intervals. 
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Milk as a source of vitamin 0 h.as attracted considerable 
attention recently. Holmes, Tripp, Woelffer and Satterfield 
(’39) have reviewed available data and have studied the 
breed and seasonal variations in the ascorbic acid content of 
certified milk from Guernseys and Holsteins. Our interest 
lies in the ascorbic acid content of regular commercial samples 
of milk as related to the quantity present in the milk at the 
time of milking. 


EXPEEIMENTAL PAET 

The procedure described by Mindlin and Butler (’38) which 
involves the use of the Evelyn photoelectric colorimeter (’36) 
for the determination of ascorbic acid in blood plasma was 
modified so as to be applicable to milk. 

The oxidation of ascorbic acid other than by 2, 6,-dichloro- 
phenolindophenol even in the presence of added copper is 
prevented by the use of a solution developed by Willberg 
( ’38) which consists of sodium doloride and oxalic acid. It 
was modified by us to contain also metaphosphoric acid with 
the result that a clearer serum is obtained and the formation 
of a precipitate in the colorimeter tube is prevented when the 
dye-acetate solution is added. Loss of reducing activity is 
prevented in the filtrate for 16 hours if exposure to direct 
sunlight or strong illumination is avoided. 

^Published mth the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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The volume of milk serum and quantity of dye-acetate solu- 
tion are so controlled that the usual concentration of vitamin 
present reacts almost instantaneously. Under these same 
conditions the interfering substances formed in the milk after 
hydrogen sulfide treatment react at a slower rate, thus en- 
abling their interference to be largely eliminated by ex- 
trapolation to zero time. 

Among the interfering substances which are formed upon 
treatment of the milk with hydrogen sulfide, no doubt one of 
them is reduced ribofiavin. Experimentation with ascorbic 
acid-riboflavin solutions under similar conditions indicates 
this to be the case. Apparently more riboflavin is reduced, the 
longer the milk serum remains in contact with the reduetant, 
2 hours being the average time when the effect first becomes 
noticeable. Fortunately, the reduced riboflavin and other 
substances react more slowly than ascorbic acid under the 
conditions used and therefore this interference is largely 
eliminated by extrapolation. It is to be noted that a titri- 
metric procedure employed on a milk serum which has been 
treated with hydrogen sulfide long enough to reduce the de- 
hydroascorbic acid will invariably give results which are too 
high and the error involved will be dependent upon two 
factors — ^the time during which the serum has been left in 
contact with hydrogen sulfide and the time actually employed 
for the completion of the titration. Hence the use of the 
colorimeter or some similar instrument is essential for the 
determination of the dehydroascorbic acid if the effect of 
other reductants formed under the conditions needed to reduce 
the dehydroascorbic acid is to be largely eliminated. 

The apparatus is identical with that used by Mindlin and 
Butler ( ’38) as is the 2, 6,-dichlorophenolindophenol, sodium 
acetate and indophenol acetate solutions. The potassium 
oxalate, cyanide and metaphosphoric acid solutions are, how- 
ever, replaced by a modified Willberg (’38) reagent which 
is prepared accurately in order to insure the proper pH in 
the colorimeter tube, by dissolving in 100 ml. of glass-distilled 
water 0.6 gm. H 2 C 204 ' 2 H 20 , 4.8 gm. NaCl C.P. and 6.5 gm. 
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HPO3 (reagent, grade, sticks). This reagent is stable for 
1 'week at 15 to 20°C. and remains at constant pH. 

Determination of ascorbic acid. In the absence of strong 
light 25 ml. of milk are pipetted into a 125 ml. Erlenmeyer 
flask containing 75 ml. of modified Willberg reagent. The 
protein precipitate is removed by filtering through paper of 
quality similar to Whatman 42. 

Five milliliters of the filtrate are measured into a colori- 
meter tube and 10 ml. of the indophenol-acetate solution are 
added. The contents are stirred and read immediately. 

Since it is not always possible to obtain a filtrate that is 
crystal-clear, it is recommended that the suggestion of Bessey 
( ’38), be used; that is, a small crystal of ascorbic acid is added 
after the original reading has been made whereupon the cor- 
rection due to the prevalent turbidity is determined. Thus 
the true reading is equal to the original reading plus 100 
minus the reading after the crystal of ascorbic acid has been 
added. 

Determination of dehydroascorbic acid. After the addition 
of a few drops of dibutyl phthalate to prevent foaming, 
hydrogen sulfide is bubbled through the remainder of the 
filtrate for 5 minutes. The tightly stoppered flask is allowed 
to stand for 8 hours in the dark at room temperature. The 
hydrogen sulfide is removed by passing a vigorous stream of 
wet oxygen-free nitrogen through the filtrate for 30 to 45 
minutes. In order to remove the elemental sulfur and the 
dibutyl phthalate, the contents of the flask are filtered through 
paper of quality similar to Whatman 42. 

Five milliliters of the filtrate are measured into one of the 
colorimeter tubes. With a simultaneous start of a stop 
watch, 10 ml. of the dye-acetate solution are blown into 
the tube and the galvanometer readings at 15, 30, 45, 60, 90 
and 120 seconds are recorded. After the one hundred and 
twentieth second a few crystals of ascorbic acid are added 
and all these readings are corrected in the manner already 
described for the slight amount of turbidity that invariably 
seems to be present. The logarithms of the difference between 
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100 miaus the galvanometer readings plotted against time 
and extrapolated to zero time will give the most accurate 
galvanometer reading due to the ascorbic acid plus the de- 
hydroascorbic acid. 

We have found that under the conditions described K has 
a value of 0.166 ±0.003 for different lots of indophenol 
(practical). It is to be noted that when determining this value 
it is essential to have the same final pH in the colorimeter tubes 
as that obtained when a sample of milk is substituted for the 
standard ascorbic acid solution. This may readily be ac- 
complished if the standard ascorbic acid solution employed 
is made by diluting three parts of modified Willberg reagent 
with one part of water. Other details and calculations have 
already been described by Mindlin and Butler ( ’38) and Bessey 
(’38). Typical recovery experiments have demonstrated a 
per cent recovery from 94 to 98. 

DISCUSSION 

Knight, Butcher and Guerrant (’39) have shown con- 
clusively that there is no adsorption of ascorbic acid on the 
precipitated proteins and are of the opinion that as the milk 
leaves the udder of the cow, its ascorbic acid is all in the 
reduced form. We have confirmed the latter point and have 
noted that, if the milk is immediately pipetted into the modified 
Willberg reagent directly after the milking machine is de- 
tached from the udder of the cow, treatment with hydrogen 
sulfide is unnecessary as no significant oxidation occurred 
during the milking operation and that the reagent prevented 
any further oxidation until the analysis could be completed. 

Besults of determinations hy method presented. Eecorded 
in table 1 are the analyses of milks of Holstein, Brown Swiss, 
Jersey and Guernsey cows in the regular University of 
Wisconsin herd. These analyses were made in January when 
the animals were on winter feed. The samples were secured 
immediately after the machine was detached from the udder 
and pipetted directly into the Willberg reagent. The samples 
were collected on 3 consecutive days during the afternoon 



TABLE 1 


Daily ^variations in the ascorhio add content of mWc from individual cows 
taTcen directly after milicing 


HOliSTBlN (a)1 

ASOOBBIO AOm PER lilTER 

PM MIDKING 
POUNDS MILK 

1st day 

2xLd day 

3rd day 

3 

mg. 

14.6 

mg. 

15.3 

mg. 

14.7 

20 

7 

21.2 

21.3 

21.5 

14 

9 

26.2 

25.0 

25.7 

15 

10 

18.5 


18.9 

9 

11 

25.6 

2^3 

29.2 

24 

12 

17.0 

18.4 

16.7 

58 

18 

23.2 

18.6 

18.3 

18 

29 

21.3 

21.7 

19.9 

6 

Average 

i 20.9 

20.5 

20.6 


HOIiSTBilN (b)1 





52 

18.8 

19.5 

19.1 

5 

58 

28.6 

28.4 

23.6 

7 

63 

23.9 

23.0 

23.6 

10 

64 

17.6 

18.6 

18.6 

8 

65 

21.7 

23.0 

21.2 

14 

67 

23.0 

25.1 

25.1 

21 

83 

22.1 

17.1 

19.1 

8 

84 

22.0 

21.3 

22.4 

8 

91 

19.9 

20.0 

20.5 

17 

Average 

21.7 

21.6 

21.7 


BROWir SWISS 



23.6 


805 

23.0 

22.0 

12 

811 

28.6 

26.6 

28.6 

23 

815 

20.0 

18.6 

19.1 

19 

814 

27.5 

27.5 

27.4 

11 

822 

23.6 

23.3 

23.2 

7 

827 

26.4 

26.8 

25.6 

6 

834 

28.0 

29.3 

28.6 

8 

839 

25.8 

26.2 

25.1 

11 

840 

.... 

20.0 

29.2 

9 

Average 

■ 2 ^ 

24.4 

25.6 


JERSBY 



20.8 


608 

21.0 

20.8 

7 

621 

23.6 

24.4 

20.0 

6 

623 

31.2 

29.6 

29.0 

14 

639 

15.4 

16.7 

17.6 

7 

640 

31.8 

29.4 

27.8 

10 

656 

18.8 

22.4 

21.6 

8 

660 

22.7 

24.8 

22.9 

10 

661 

23.7 

20.2 

25.1 

14 

Average 

23.5 

23.5 

23.1 


GXJEiBNSBY 


21.6 

22.0 

8 

404 

22.5 

412 

23.3 

22.0 

23.6 

20 

417 

22.7 

22.7 

24.2 

13 

421 

21.7 

24.0 

23.3 

17 

424 

19.2 

19-6 

20.0 

13 

427 

27.5 

29.6 

29.6 

9 

428 

24.4 

23.9 

25.2 

11 

432 

24.4 

24.2 

24.8 

10 

437 

18.6 

16.8 

17.7 

9 

438 

21.7 

22.7 

23.3 

13 

441 

22.5 

24.8 

24.0 

13 

447 

20.5 

22.1 

21.0 

7 

450 

18.8 

20.4 

21.2 

10 

455 

18.0 

18.0 

18.0 

15 

457 

20.8 

20.0 

22.7 

16 

415 

26.6 

27.2 

27.5 

11 

Average 

22.2 

22.4 

23.0 



^ (A) group on winter feed tlie year round. (B) group had summer pasture 
available yearly. 
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milking. It will be noted that thie daily values for the ascorbic 
acid are very constant for any individual animal, that the 
quantity of ascorbic acid produced per liter varies significantly 
with each animal and that a high producer does not necessarily 
give less ascorbic acid per liter than a low producer. 

It is further observed that milk from the Brown Swiss herd 
contained the most ascorbic acid per liter followed by Jersey, 
Guernsey and Holstein, respectively, and that the magnitude 
of the figures for the Guernsey and Holsteins are in close 
agreement with those reported by Holmes, Tripp, Woelffer 
and Satterfield (’39). 

Samples of raw, certified, certified Guernsey and certified 
vitamin D milks were collected at the different dairies through- 
out the city of Madison. These milks (table 2) on the average 
are only a little below the fresh milks as recorded in table 1, 
indicating that commercial raw and certified milks as delivered 
to the consumer lose only a small amount of their anti- 
scorbutic potency. Likewise, samples of commercial pasteur- 
ized milks were collected and analyzed. On an average they 
contained only about one-half as much ascorbic acid as fresh 
raw milks and significantly less ascorbic acid than the com- 
mercial unpasteurized milks. These results are recorded in 
table 3. 

In both the pasteurized and unpasteurized milks the amount 
of dehydroaseorbic acid is less than the ascorbic acid. The 
average percentage of dehydroaseorbic acid present in the 
pasteurized milks makes up less of the total than in the case 
of unpasteurized milks. This is probably indicative of the 
tendency of pasteurization to form more dehydroaseorbic 
acid which, once formed, is more readily destroyed. 

Commercial pasteurized vitamin D milks in which the 
potency has been increased by incorporating vitamin D con- 
centrates directly into the milk by homogenization faU below 
the average value of ordinary pasteurized milks in respect to 
the ascorbic acid content (table 4). On the other hand, if the 
vitamin D content has been increased by feeding the animal 
irradiated yeast, the antiscorbutic property falls on a par with 
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TABLE 2 

Ascorhio acid content of commercial raw milhs 


oouumcuii MXliK 

1 ASOOBSIO AOm PBBi UTER 

Reduced 

Oxidized 

Total 


•mg 

mg 

mg 

Grade A raw 

7.9 

8.8 

16.7 

Certified dairy 1 

13.1 

6.3 

19.4 

Certified dairy 2 

13.7 

4.8 

18.5 

Certified dairy 3 

15.1 

4.0 

19.1 

Certified dairy 4 

12.8 

8.8 

21.6 

Grade A Guernsey raw 

7.1 

13.0 

20.1 

Certified Guernsey dairy 1 

8.2 

5.0 

13.2 

Certified Guernsey dairy 2 

16.2 

2.5 

18.7 

Certified vitamin D from C.L.O. (1) 

7.9 

6.0 

13.9 

Certified vitamin D from C.L.O. (2) 

7.9 

4.2 

12.1 

Average 

IM 

6.3 

17.3 


TABLE 3 


AscorMc acid content of commercial 'pasteurized milks 


PASTEVSJZED OOMMEROIAL UlUK 

1 ASOOBBIO ACID PER LiriR 

Reduced 

Oxidized 

Total 


mg. 

mg. 

mg. 

Guernsey dairy 1 

3.8 

1.8 

5.6 

Guernsey dairy 2 

14.0 

2.6 

16.6 

Guernsey dairy 3 

7.8 

8.8 

16.6 

Milk dairy 1 

5.7 

3.8 

9.5 

Milk dairy 2 

14.0 

1.1 

15.1 

Milk dairy 3 

10.1 

3.4 

13.4 

Milk dairy 4 

12.4 

5.3 

17.7 

Milk dairy 5 

6.2 

3.2 

9.4 

Grade A dairy 1 

1.9 

' 5,5 

7.4 

Grade A dairy 2 

14.0 

1.1 

15.1 

Average 

8.9 

j 3.5 

1 12.6 


TABLE 4 

Ascorbic acid content of commercial pasteurized and modified milks 


PASTEURIZEU COMMERCIAL MILK 

1 ASCORBIC AOm PER LITER 

Reduced 

Oxidized 

Total 

Vitamin B grade A (irradiated ergosterol) 

3.7 

3.7 

7.4 

Vitamin D (irradiated ergosterol added) 

4.1 

5.7 

9.8 

Vitamin B (feeding irradiated yeast) 

6.9 

6.8 

13.7 

Homogenized vitamin B (feeding irradiated yeast) 

1.7 

9.4 

11.1 

Mineral modified 

2.7 

5.4 

8.1 
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the average value for commercial pasteurized milks. This 
would indicate that homogenization tends to destroy ascorbic 
acid. 

Mineral modified nfilk is low in ascorbic acid and this is 
doubtless to be expected considering the treatment to which 
the milk must be subjected. 

SUMMAET 

A convenient method for the determination of ascorbic 
and dehydroascorbic acid in raw and commercially pasteur- 
ized mOks has been described. The photoelectric colorimeter 
makes possible the elimination of many of the interfering 
substances which are formed when the milk is treated with 
hydrogen sulfide. Among these substances is reduced ribo- 
flavin. 

The influence of breed as well as milk production has been 
observed as affecting the quantity of ascorbic acid produced. 
No daily variation in the milk of individual cows was observed. 

It was found that commercial raw milks contained an anti- 
scorbutic potency which was only slightly less than fresh 
raw milks and that pasteurized milks on the average contained 
only one-half the latter potency. Mineral modification and 
homogenization apparently have a destructive effect on 
ascorbic acid. 
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MEAD JOHNSON & COMPANY ‘B-COMPLEX’ AWARD 

Nominations are solicited for the 1940 Award of $1,000 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute at New 
Orleans on March 13, 1940. 

The Award will be given to the laboratory (non-clinical) or 
clinical research worker in the United States or Canada who, 
in the opinion of the judges, has published during the previous 
calendar year January 1st to December 31st the most meri- 
torious scientific report dealing with the field of the ‘B-com- 
plex’ vitamins. While the award wiU be given primarily for 
publication of specific papers, the judges are given consider- 
able latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the prize be divided between two or more 
parties. It may also be recommended that the award be made 
to a worker for valuable contributions over an extended period 
but not necessarily representative of a given year. Member- 
ship in the American Institute of Nutrition is not a requisite 
of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1939 must be in the hands 
of the Secretary by January 5th, 1940. The nominations 
should be accompanied by such data relative to the nominee 
and his research as will facilitate the task of the Committee of 
Judges in its consideration of the nomination. 

Doctor L. A. Mayitaed 
Laboratory of Animal Nutrition 
Cornell University 
Ithaca j New YorJe 

Secretary, American Institute op Nutrition 
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